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The  importance  of  airborne  bacteria,  or  particulate  Mtter  In 
general,  to  the  over-ell  health  and  well-being  of  living  thing*  In 
general  and  mankind  in  particular  la  wall-known  to  both  the  aeien- 
tific  and  lay  coareuntty  .  Our  under* tending  of  the  baalc  principles 
of  aerobiology,  however,  1*  not  commensurate  with  the  importance  to 
health  and  well-being.  Thla  deficiency,  in  part,  la  because  of  in¬ 
adequate  communication  and  coordination  of  effort  between  thoae  of 
u*  responsible  for  providing  new  knowledge.  Hence  the  Symposium  on 
Aerobiology  aroae  ea  a  partial  answer  to  a  known  deficiency.  The 
®o*t  important  purpose  of  a  conference  la  that  of  strengthening  com¬ 
munication,  but  the  results  also  should  include  some  measure  of 
self-evaluation.  In  doing  so  one  might  well  ask  what  boundaries, 
if  any,  delineate  the  scope  of  our  efforts , 

If  all  aspects  of  the  field  of  air  hygiena  were  considered  as 
a  unit,  nearly  every  field  of  acience  would  be  included  In  acme  way 
or  another.  Since  the  field  ia  so  broad,  it  Is  Impossible  to  divide 
it  into  well  -defined  areas  with  no  overlap,  although  some  distinc¬ 
tion  between  the  various  areaa  of  interest  should  be  made  if  we  are, 
individuelly,  interested  in  the  significance  of  our  own  contribu¬ 
tion.  For  example,  public  health  sanitarians  are  concerned  with 
airborne  microflora  contributing  to  infection  in  a  given  ecological 
situation;  they  ascertain  by  vdiatever  means  available  the  number  of 
infectious  par-'clea,  attempt  to  relate  these  number*  to  epidemio¬ 
logical  findings,  but  are  utuelly  not  interested  in  the  non- pathogen ic 
form*.  Often  the  methodology  used  ia  devised  by  physicist*  end 
engineer*  whose  interest  ia  to  provld*  wards  and  hospital  room*  with 
air  containing  a  minimal  number  of  any  kind  of  airborne  bacteria. 

Also  in  this  group  arc  medical  and  paramedical  iRveetlgatora  inter¬ 
ested  in  discovering  mechanisms  by  which  Infectious  bacteria  find 
their  way  Into  hosts  to  create  an  infection,  ae  well  as  in  comparing 
the  spread  of  disease  in  nature  to  that  found  in  experimental  situ¬ 
ation*  . 

Than  there  ere  theoretical  microbiologists,  whoa*  interacts, 
while  leas  well-defined  than  the  above  groups,  mey  be  described  in 
terms  of  death  or  survival  mechanisms  of  airborne  microorganlsme  and 
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who  therefore  need  te  provide  *  variety  of  environmental  situations 
in  the  laboratory .  They  may  be  said  to  be  engaged  In  studies 
oriented  toward  finding  the  moat  tolerable  conditions  under  which 
bacteria  may  live  in  the  airborne  state  and  be  infective. 

Finally,  in  the  laic  few  years  an  interest  in  airborne  bae- 
terta  has  arisen  in  those  responsible  for  the  "sterility"  of  extra¬ 
terrestrial  vehicles,  as  related  to  the  potential  of  living  for®# 
crossing  space,  either  to  yield  false  positive  signals  frosa  life* 
dt iartir.g  i«at*"-«a»e#  —  of  microorganisms  actually  growing  in 

alien  environment#. 

At  the  Naval  Biological  laboratory  we  label  our  sfudiea  "aero¬ 
biology"  as  being  that  part  of  the  whole  field  concerned  with 
axper i mental  techniques  of  airborne  infection  and  survival  of 
bacteria.  It  was ,  perhaps,  an  error  to  have  labeled  the  Symposium 
one  on  aerobiology  only,  for  we  realize  that  the  subject-matter 
covered  herein  includes,  and  properly  so,  sore  than  just  the  exper¬ 
imental  techniques  required  to  study  such  e  broad  area. 

Perhaps,  after  all,  the  Symposium's  most  important  contribu¬ 
tion,  as lo‘-  from  that  of  providing  coaDrinication,  has  been  in 
delineating  the  variety  of  interests  of  thoae  in  attendance.  For 
example,  air  hygiene  was  we  11 -represented  with  papers  varying  fro® 
one  on  the  pathology  of  chronic  bronchitis,  through  epidemiological 
studies  in  Navy  recruit  camps,  to  wound  infection  in  hospitals. 
Environments!  situations  were  described  ranging  from  survival  of 
bacteria  in  deaert  conditions,  through  those  of  constant  temper¬ 
ature  and  relative  humidity,  and  included  situations  of  intense 
ultraviolet  irradiation,  as  well  as  certain  shifts  in  water  content. 
Topics  ranged  from  those  highly  applied;  for  example,  potential 
contamination  of  dental  suites  by  commonly  employed  dental  tech¬ 
niques,  through  another  reporting  e  new  sampler,  to  the  highly 
theoretical  question  of  bound  water  and  protein  denaturation  ts  s 
potential  death  mechanism.  In  the  included  papers  there  is  a 
little  something  for  everyone. 

There  la  no  question  in  our  minds  but  that  the  Symposium  was 
worthwhile.  We  hope  thet  no  theory  will  remain  unchallenged,  no 
pathway  unaxplored,  and  that  there  hat  been  sufficient  interest 
aroused  and  importance  demonstrated  from  this  meeting  to  provide 
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impetus  far  future  gatherings,  We  hope  that  by  publishirtg  these 
proceeding*  we  will  have  provided  <s  record  for  those  who  could  not 
attend  --  a  record  that  ha*  petted  acre  potential  probUas  than  selu- 
tions.  There  are  no  easy  answers  to  these  problems,  so  iapottaat 
to  the  welfare  of  asnkind,  but  regardless  of  hew  difficult  they  say 
seem,  they  must  be  resolved;  and  we  are  proud  to  have  been  a  part 
or  efforts  leading  to  such  solutions. 


Stewart  H.  fiadin 
Director 

Naval  Biological  Laboratory 
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"This  book  Is  a  compilation  of  papers  presented  during  a  Sym¬ 
posia®  for  Aersbi-Iogy  held  October  2-5,  1963,  In  Berkeley, 

Ca  I  ifornia . 

Hie  conference  was  organized  into  sessions  devoted  to  general 
ass^cCft  of  the  saaits  topic,  and  insofar  as  practicable,  the  paper* 
were  arranged  in  the  order  in  which  they  were  presented.  Verbatim 
t >  *n-;rlpts  of  informal  discussion*  are  included,  with  change*  made 
oniv  for  purposes  of  claritv,  because  w£  wented  t~  preset »e  the  gen¬ 
eral  tenor  of  the  meetings. 

Our  initial  aims  were  modest,  and  we  had  proposed  to  limit 
attendance  to  approximately  40  persons.  As  plans  progressed,  how¬ 
ever,  the  number  of  interested  individuals  increased  and  it  was 
finally  decided  to  Include  all  those  who  could  attend  on  their  own 
initiative.  There  were,  consequently,  over  100  scientists  in 
attendance . 

We  had  hoped  that  interest  in  forming  a  permanent  cosraittee 
for  the  purpose  of  continuing  such  meetings  aight  arise  and  perhaps 
bring  into  being  an  organisation  of  interested  scientist#  --  a 
society,  as  it  were,  for  aerobiology.  Although  this  did  not  happen, 
it  was  informally  agreed  that  Hr.  Elwood  K.  Wolfe  of  Fort  Detrick 
would  arrange  for  another  meeting  2  years  from  the  above  date. 

If  the  purpose  of  the  conference  was  to  promote  interchange  of 
knowledge  on  current  efforts  and  to  stimulate  future  research,  then 
I  believe  the  meeting  was  successful.  It  was  successful  because  of 
the  enthusiastic  participation  of  those  in  attendance,  the  invalu¬ 
able  cooperation  of  the  session  chairmen,  as  well  as  aid  received 
frbm  many  members  of  the  NBL  staff. 

To  mention  the  specific  contributions  of  those  involved  would 
require  more  space  than  can  reasonably  be  allotted.  However,  I 
will  use  my  editorial  prerogative  to  extend  my  heartfelt  thanks 
and  appreciation,  wich  a  brief  indication  of  the  part  they  played, 
to  those  who  helped  so  willingly  to  sake  the  conference  a  success, 
and  so  patiently  aided  in  assembling  this  manuscript.  They  were: 
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OPENING  REMARKS 


£.  J,  HOmiAlf,  CAP”  HC  USN 


Office  of  Naval  Research 
Department  of  the  Navy 
Washington  25,  D.  C. 


On  behalf  of  the  Office  of  Naval  Research  X  want  to  release  you 
to  this  Symposium  in  Aerobiology  conducted  by  the  Naval  Biological 
Laboratory,  a  unique  OKS  research  facility  operated  under  conerart  by 
the  Schoolof  Public  Health  of  the  University  of  California  at  Berkeley. 
Aerobiology  is  a  new  field  in  which  much  of  the  research  ia  involved  in 
defense  against  bacteriological  warfare.  It  is  a  field  which  has  bur¬ 
geoned  recently  since  exposure  to  airborne  microorgan  isms  is  a  subject 
not  only  of  military  interest  but  of  increasing  concern  to  those  in¬ 
volved  in  industrial  health  and  epidemiology.  Research  conducted  at 
NBL  concerns  fundamental  investigations  in  the  general  areas  of  both 
aerobiology  and  experimental  pathology  of  infectious  diseases  as  they 
apply  to  public  health  and  to  medical  problems  of  the  Navy. 

Biological  research  is  of  obvious  concern  to  the  Navy,  and  one  of 
the  six  major  research  divisionsof  ONE  is  the  Biolop^'al  Sciences.  <X»r 
program  primarily  focuses  on  supporting  research  which  extends  know¬ 
ledge  of  fundamental  life  processes  and  utilising  this  knowledge  to 
solve  problems  with  which  the  Navy  ia  now  --  or  assy  some  day  --  be 
confronted . 

The  broad  needs  of  the  Navy  in  the  biological  area  can  be  de¬ 
scribed  briefly,  first  of  all,  navel  personnel  oust  be  protected  from 
the  stresses  imposed  by  new  weaponry,  vehicles  end  unusual  environ¬ 
ments.  The  combat  effectiveness  of  the  Navy  can  only  be  sesured  If 
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it*  un  can  function  efficiently  while  undergoing  *uch  stresses. 

Second,  the  design  of  advanced  ship  types,  aircraft,  and  weapon* 
requires  in  part  a  basic  understanding  of  biological  phenomena.  New 
seans  of  propulsion  stay  derive  from  studies  of  hydrodynamic  character¬ 
istics  and  the  methods  of  propulsion  of  marine  animals.  Longer  range 
underwater  detection  and  navigational  devices  could  result  from  studies 
of  the  communication  and  acoustic  signals  emitted  by  marine  life. 

Another  need  is  Chet  the  Navy's  ships,  docks,  cables,  mines  and 
electronic  equipment  must  be  protected  from  the  ravages  of  marine- 
fouling  organisms,  this  requires  research  on  the  organisms  responsible 
for  fouling  and  deterioration,  including  basic  research  on  the  repro¬ 
duction,  phyaiology  and  genetics  of  the  organisms  involved. 

Finally,  basic  research  in  biology  is  supported  in  order  to  fill 
gaps  in  our  knowledge  of  biological  systems  with  a  potential  for  af¬ 
fecting  naval  situations.  This  research  is  not  necessarily  related  to 
specific  or  immediate  problems  but  nay  be  applied  at  a  later  date  to 
solve  presently  unrecognized  problems.  Incidentally ,  this  Is  s  major 
facet  of  all  ONR's  research  programs. 

It  is  plain,  of  course,  that  biological  problems  are  not  confined 
to  the  Navy,  but  are  mi  1  Itary-wlde .  Our  last  two  conflicts,  World  War 

IX  and  the  Korean  fighting,  produced  a  toll  of  casualties  which  could 
essily  be  dwarfed  by  a  future  nuclear  war.  The  treatment  of  these 

casualties  and  the  rehabilitation  of  the  personnel  is  a  challenge  we 
must  be  prepared  to  meet.  The  Navy  and  the  other  military  services 
have  a  responsibility  to  maintain  a  firm  research  program  in  the  funda¬ 
mental  scientific  disciplines  that  will  lead  to  the  control  or  preven¬ 
tion  of  injuries  to  which  military  personnel  are  subject ,  including 
both  traumatic  injuries  and  debilitating  diseases. 

Aside  from  this  urgent  need,  biological  research  is  essential  if 
we  are  to  accomplish  our  ultimate  goals  in  space,  in  which  ali  three 
services  have  a  stake.  If  men  are  ever  to  journey  to  the  planets  and 
stars,  we  must  know  the  biological  effects  of  cosmic  radiation,  mete¬ 
oric  colliaion,  synchetic  air  and  food-waste  cycling.  We  must  deter¬ 
mine  the  biophysi  .si  effects,  not  only  of  these  factors  but  also  of 
disorientation  and  Illusions  of  space  and  time.  Indeed,  the  powerful 
engines  and  intricate  devices  needed  to  send  and  guide  space  satellite 
vehicles  are  relatively  simple  in  comparison  with  the  biological  or 
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lift-support  systems  involved  in  the  successful  transportation  of  man 
on  extended  trips  into  outer  space.  But  wore  important  to  us  --  the 
knowledge  and  skills  used  in  space  will  inevitably  improve  naval  opera¬ 
tions  ! 

Research  in  aerobiology  is  s  significant  part  of  the  spectrum  of 
overall  biological  research  which  is  aiding  man,  as  *ueh  as  any  of  the 
physical  sciences,  to  control  and  master  his  environment.  Every  bit  of 
this  knowledge,  no  matter  what  its  immediate  objective  may  be,  will 
contribute  something  to  man’s  future  benefit. 
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WELCOME  ADDRESS 


Charles  E.  Smith 

Dean,  School  of  Public  Health 
University  of  California,  Berkeley 


Thank  you  Dr .  Madia,  Captain  Hoffman  and  fellow  participant*. 
Fourteen  years  ago  I  left  a  very  happy  association  as  a  student  and 
subsequent  faculty  member  of  Stanford  to  come  to  the  University  of 
California.  Amidst  the  travails  and  problems  of  adjusting  to  this  en¬ 
vironment,  there  was  one  very  outetsc’dingly  warm  and  hearty  welcome; 
that  of  A1  Krueger,  the  organizer  and  first  Commanding  Officer  of 
NAMRU  #1.  Dr.  Krueger's  genius  built  thin  program  in  parallel  with  his 
duties  ss  Chairman  of  the  Department  of  Bacteriology  at  the  University 
of  Cslifornis.  From  both  developed  the  program  of  the  Naval  Biological 
Laboratory  which  Captain  Hoffman  has  just  described.  Dr.  Krueger's 
warm  welcome  to  me,  I,  in  turn,  have  the  great  privilege  of  extending 
to  you. 

I  recall  that  his  welcome  of  me  was  especially  appreciated  because 
I  had  just  worn  out  the  patience  and  the  good  will  of  my  Stanford  Alma 
Mater  by  being,  instead  of  a  model  of  preventive  medicine  in  ay  Depart¬ 
ment  of  Public  Health,  undoubtedly  the  greatest,  albeit  unwitting, 
menace  to  public  health  in  the  medical  school  because  of  my  coccidi¬ 
oidal  investigations .  The  climax  cams  when  we  generated  an  epidemic 
through  our  entire  building.  Our  laboratories  were  located  on  the 
first  floor.  I  had  cautiously  (I  thought)  transferred  my  stock  cul¬ 
tures  of  Coccidioidas  on  Washington's  birthday  whan  nobody  was  around. 
However,  whan  we  reconvened,  the  epidemic  erupted.  Fortunately,  there 
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were  no  disseminated  eases,  but  severe  primary  coccidioidal  illnesses 
developed  in  a  colleague  professor  of  radio’ogy  and  in  one  laboratory 
technician  with  one  lung  out  o£  eonsoissior.  because  of  a  thorac  >pl«sty. 
As  a  sequel,  I  heard  Buttered,  "Well,  if  you  hadn't  decided  to  go  to 
the  University  s>£  California,  we  would  have  sent  you  there  anyway!" 
There,  at  the  University,  in  stark  contrast  was  Dr.  Krueger's  welcome, 
"Bring  on  your  spores--** 're  happy  to  have  these  kinds  of  aerobiology 
problems  at  U.C," 

Through  the  years.  Dr,  Krueger's  microbiological  interest  com¬ 
bined  with  Walter  Leif's  remarkable  abilities  in  aerobiologies!  engi¬ 
neering,  attracted  uniquely  competent  colleagues.  It  would  be  tempting 
to  trace  and  discuss  the  remarkable  program  which  has  ensued.  I  shall 
say  only  t.».at  it  has  had,  and  continues  to  enjoy,  the  full  support  of 
the  University  of  California  Administration.  Dr.  Krueger  initiated 
the  program  under  the  Presidency  of  Robert  Gordon  Sptou! .  Wien  Clark 
Kerr  became  the  first  Chancellor  of  the  Berkeley  campus,  he  continued 
and  extended  this  support  and  personally  carried  through  very  careful 
negotiations  and  understandings  with  Admiral  Bennett,  Admiral  Coates' 
predecessor.  When  Chancel  lor  Kerr  succeeded  to  Dr.  Sproul's  Presid¬ 
ency,  he  continued  his  allegiance,  joined  first  by  his  successor, 
Chancellor  Glenn  Seaborg  and  then,  when  Dr.  Seaborg  became  Chairman  of 
the  Atomic  Energy  Concussion,  by  our  present  Chancellor,  Dr.  Edward 
Strong. 

Thus  the  University  of  California  affords  strongest  support  for 
this  program.  Here  is  the  happy  combination  of  the  flexibility  and 
vision  of  ONR,  which  Captain  Hoffman  has  indicated,  together  with  the 
capabilities  and  critically  important  participation  of  the  Bureau  of 
Medicine  and  Surgery,  including  the  unique  resources  of  NAURU  Hi. 
Sow,  recently  sparked  by  our  outstanding  Director,  Dr.  Stewart  Hadin, 
the  National  Institutes  of  Health  of  the  U.S.  Public  Health  Service  is 
participating. 

The  late  Dr.  Morris  Stewart,  as  Dean  of  the  Graduate  Division, 
was  a  key  figure  in  integrating  this  Navy -university  program.  Now  an 
organized  research  unit  of  our  School  of  Public  Health,  the  liaison 
with  the  Graduate  Division  is  assured  by  the  service  of  its  Dean,  Dr. 
Sanford  Elberg,  as  Co- investigator  with  Dr.  Madin  and  me.  Dean  Elberg 
succeeded  Dr.  Krueger  as  Chairman  of  the  Department  of  Bacteriology 
and  aerved  a  critically  Important  period  aa  Scientific  Director  of  the 
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Naval  Biologic*!  Laboratory.  As  Dean  of  the  Graduate  Division  he  con¬ 
tinue*  to  have  a  deep  interest  in,  and  provides  the  strongest  support 
for,  this  unique  program  which  is  proceeding  so  effectively  under  Dr. 
Hadin'*  direction.  We  ar*>  deeply  grateful  to  you  scientists  from  all 
over  the  world  for  the  interchange  of  ktuntledge  in  this  Symposium.  As 
Captain  Hoffman  has  indicated,  these  discussions  of  airborne  infections 
ate  of  vital  concern  in  every-day  living. 

We  are  very  proud  that  among  you  renowned  scientists  assembled 
here  we  may  claim  as  "alumni"  two  individuals  who  formerly  headed  the 
medical  program*  in  NsAMHU  #1,  Dr,  Lloyd  Miller  and  Dr.  Jack  Millar. 
As  outstanding  rpider-i "-1  ogi « ts ,  their  considerations  of  viral  and 
meningococcal  infections  can  be  counted  on  to  underscore  the  problems 
of  the  enytronaent,  ge  epidemiologists  we  do  have  to  consider  the 
host,  d  ■.  parasite  and  the  environment.  Hot  one  of  these  can  stand  by 
itself,  hut  all  are  in  dynamic  interrelationship.  The  recrudescence 
of  meningococcus  meningitis  as  a  military  problem  underscores  the  fact 
that  the  objective  of  nature  is  survival.  In  this  goal  nature  plays 
no  favorites.  She  is  just  aa  happy  to  help  out  Che  meningococcus  aa 
she  is  to  help  out  man.  Therefore,  in  our  investigations  of  airborne 
infections,  the  patterns  of  epidemiology  must  constantly  be  before  us. 
We  must  make  sure  that  we  do  use  all  the  resources  at  our  disposal,  in¬ 
cluding  the  application  of  rapidly  emerging  scientific  sophistication 
in  the  field  of  Engineering,  t*hyaics  and  Chemistry  in  aerobiology. 

On  behalf  of  the  University  of  California,  I  do  want  to  reiterate 
the  very  stimulating  comments  of  Captain  Hoffman  and  express  our  deep 
appreciation  to  all  of  you. 
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MEDICAL  AND  PUBLIC  l€ALTH  SECTION 


Phillip  S.  Brachaen,  Moderator 


Application  of  research  to  enhance  knowledge  or  to 
batter  M&kind  la  a  major  reward  in  our  effort.  In  thia 
section,  the  result*  of  clinical  and  aerobiologies!  tech* 
aiquas  applied  to  probleaa  of  epideaiology  and  public 
health  are  imported. 
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Proc .  First  Intern.  3y*p .  Aerobioi,,  Bark* icy,  Calif,,  1943 


ACUTE  RESPIRATORY  INFECTIONS  IN  NAVAL  PERSONNEL 

(Published  in  part  in  Unitary  Had-  ,^526-532,  1944) 


Lloyd  F.  Millar,  CAFT  HC  17SK* 

Officer  in  Charge,  Naval  Medical  Research  Unit  No.  4 
U.  S.  Naval  Hospital,  Great  Lakea,  Illinois 


The  intent  of  thta  presentation  ia  to  review  the  magnitude  and 
extent  of  the  acuta  raapiratory  diaaaae  problem  in  the  Navy  and  to 
con* ider  epidemiologic  observations  and  other  raaaarch  data  pertaining 
to  airborne  Infection.  Moated  the  Information  considered  will  be  thet 
obtained  by  the  Naval  Medical  Research  Unit  No-  4  during  the  courae  of 
atudiea  into  the  etiology,  epidemiology,  and  prevention  of  acute  res- 
piratory  dlaeaae.  Since  one  of  the  objectives  of  this  conference  ia 
to  atimulate  dlacuaaion,  considerable  latitude  will  be  exerciaed  re¬ 
garding  speculation  on  the  information  presented,  with  the  view  towards 
indicating  areas  for  furthar  raaaarch  on  the  relative  roles  of  airborna 
droplet  nuclei  end  direct  contact  including  droplets  of  respiratory 
secretion  in  r.he  transmission  of  acute  respiratory  dlteeee. 

Acute  respiratory  infections  rank  first  as  a  cause  of  total  hos¬ 
pital  and  dispensary  admissions  in  the  Navy  and  Marine  Corps^  .  As 
can  be  seen  in  Table  1,  approximately  32,000  admissions  of  Acute  Res¬ 
piratory  Disease  (ARD)  and  7,000  of  pneumonia  occurred  in  1961  These 
two  causes  of  admissions  represented  approximately  201  af  the  total  ad¬ 
missions  f»oa  all  causes  for  the  Navy  and  Karine  Corps,  and  accounted 
for  approximately  51  of  the  total  rich  days. 


*  Present  address:  Commanding  Officer,  U.5.  Naval  Medical  Reaearch 
Unit  No.  3,  Navy  540,  Fleet  Post  Office,  New  York,  New  York. 
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TABLE  1.  Leading  causes  of  new  admissions  and  atek  days, 
Navy  and  Marina  Co~p» ,  1961* 


New  Admissions 

I  ; 

Sick 

Days 

Diagnostic  Group 

Rank 

order 

No,  in  1000 '( 
(approx, > 

i 

Rank 

order 

No, 

in  lOGO’a 

ARD* 

1 

32 

4 

147 

Injuries 

2 

24 

1  j 

634 

Pneumonia 

3 

7 

3 

162 

Character  and 

behavior  disorders 

4 

5 

2 

172 

Rubella 

5 

5 

17 

*  Adapted  Irons  Med.  Stat.  U.  S.  Navy,  97th  Report 
Surgeon  General,  9,7:2.  1961. 

j  Acute  respiratory  disease  exclusive  of  pneumonia. 


Recruit*  have  a  diapropor t innately  high  incidence  of  ARD  and  pneu¬ 
monia.  figure  1  ah owe  that  in  1959,  recruit*,  which  made  up  approxi¬ 
mately  4%  of  the  total  enliated  population,  accounted  for  9%  of  the 
total  aick  daya,  and  ne«.„ly  50%  of  reapiratory  diaease  admission* ^ . 

It  should  be  pointed  out  that  a  recruit  population  is  unique  in  that 
it  constats  of  an  open-ended  population  with  a  continuous  input  of  sus¬ 
ceptible*  to  begin  training  and  removal  of  Imsunes  at  the  time  of  grad¬ 
uation  9-11  weeks  later.  The  population  turnover  approximates  30-50%/ 
month . 

Intensive  studies  of  ARC  have  been  undertaken  since  1948  by  Naval 
Medical  Research  Unit  No,  4  (NAMRU-4)  at  the  Naval  Training  Center, 
Creat  Lakes.  They  have  revealed  an  increaaed  incidence  in  AR»,  in¬ 
cluding  pneumonia,  aince  the  Asian  influenza  pandemic  in  1957.  The 
occurrence  of  ARC  and  pneumonia  ia  shown  in  Table  2.  The  number  of 
recruits  trained  per  year  since  1954  has  increased  and  this  increase 
ha*  been  accompanied  by  a  higher  incidence  of  ARD  and  pneumonia.  In 
addition,  it  should  be  noted  that  the  prevalence  of  adenoviral  disease 
also  increased,  a*  determined  by  serologic  study  of  ill  recruits.  The 
increased  population  size  may  have  been  at  least  partially  responsible 
for  the  higher  incidence;  thus,  crowding  could  be  suspected  as  having 
played  a  role. 

Crowding  increases  effective  ccintsct  rates  between  infected  and 
susceptible*  by  airborne  droplet  nuclei  spread,  as  veil  as  through 
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FIG.  1.  Recruit  contribution  to  incidence  of  acute  reapiratory 
dlaeaae  adalaaiona  and  total  tick  daye  in  Naval  and  Marine  Corpa 
enliated  peraonnel  In  1959  (Stctiatici  of  Navy  Medicine,  May  1961) 
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direct  contact.  It  i*  interesting  to  contider  available  evidence 
pertsining  to  the  relative  importance  of  airborne  epreed  by  droplet 
nuclei  in  naval  recruit*. 

Studios  on  the  effectiveness  of  ultraviolet  (UV)  light  in  the 
barracks  on  reduction  of  AMD  and  streptococcal  disease  incidence  have 
been  revealing,  Table  1  summarizes  the  results  of  the  OV  tight 
studies  which  vers  performed  over  *  period  of  6  yr^.  A  rather  con¬ 
sistent  reduction  in  incidence  of  undifferentiated  ASD  and  strepto¬ 
coccal  illness  occurred  usually  ranging  from  20~3C%.  Irradiation  at 
bactericidal  levels  was  restricted  to  the  ceiling  areas  and  thus  would 
have  had  Hast  ted  effect  on  direct  confect  spread  by  droplets.  Conse¬ 
quently,  it  is  easier  to  conceive  of  any  reduction  of  illness  as  being 
due  to  lethal  effects  on  infectious  agents  present  in  droplet  nuclei. 
The  degree  of  reduction  of  viral  agent*  in  the  air  tees  not  possible  to 
determine,  due  to  lack  of  adequate  technics.  A  reduction  of  50-75%  of 
alpha  streptococci  did  occur,  indicating  a  killing  effect  on  bacteria 
having  thiir  origin  in  the  taspiratory  tract.  If  viruses  are  no  more 
susceptible  to  irradiation  than  bacteria,  the  reduction  of  viral  agents 
was  leas  than  optimal  and  perhaps  more  efficient  methods  of  irradiation 
could  have  resulted  In  a  considerably  greater  improvement  in  air  hy¬ 
giene  and  a  further  reduction  in  illness.  It  appears  that  spread  by 
airborne  droplet  nuclei  was  of  considerable  importance. 

It  is  well  to  recall  the  theoretical  importance  of  site  of  groups 
on  the  occurrence  of  epidemic  disease  before  considering  the  observa¬ 
tions  made  by  several  investigators  on  the  relationship  of  barracks 
space  available  to  recruits  and  the  number  of.  recruits  within  a  space. 
With  a  constant  effective  contact  rate  between  susceptible*  and  in¬ 
fected,  the  occurrence  of  a  propagative- type  epidemic  may  depend  upon 
the  number  of  susceptible*  present.  The  larger  the  number,  the  more 
likely  an  epidemic  would  occur.  Crowding,  in  contrast  to  group  size, 
would  have  a  more  direct  influence  upon  effective  contact  rate,  al¬ 
though  an  increase  in  crowding  also  increases  the  number  of  aggregated 
auscepitbles  if  available  space  remains  the  nee. 

The  relationship  between  barracks  space  per  recruit,  i.e.,  degree 
of  c  ovding  and  Incidence  of  ARD,  when  the  else  of  the  epidemiologic 
unit  (the  recruit  company)  was  kept  constant,  la  shown  in  Table  40>. 
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TABLE  2.  Ri  latlonsiiip  of  population  sire  to  adenovirus  infection*  and 
acute  respiratory  disease  (A££)  aad  paeuatoni*  rate*, 
naval  recruits,  Great  Lake*.  Illinois 


fear 

%  Administered 
adenovirus 
vaccine 
(Approx . ) 

- - 

X  Adenovirus 
positive  in 
ill  recruits 
(Approx.)* 

1 

Population 

B 

% 

! 

So. 

ARD 

% 

1954 

0 

UMJMUmCMM - KB,M,| 

13 

21,730 

«i 

0.4 

1,058 

4.8 

1955* 

0 

40 

43,626 

291 

0.7 

4,64$; 

10.6 

1956 

25 

20 

47,377 

215 

0.5 

2,9171 

6.1 

1957 

<  10 

65 

30,239 

572 

1.9 

4,190. 

13.9 

1958 

<  50 

50 

43,094 

1,461 

3.4 

7,503| 

17.4 

1959 

0 

75 

47,778 

1,484 

3.1 

11.304 

23.6 

1960 

0 

70 

54,439 

1,723 

3.2 

12,948 

23.7 

1961 

7  it 

80 

49,314 

2,478 

5.0 

13,701 

27.7 

1962 

<  50 

75 

54,036 

2,078 

3.8 

9,878 

18.2 

*  Non-#y*tem*tic  sampling.  f  Streptococcal  epidemic. 

J  Vaccine  of  questionable  potency. 


TABLE  3.  Effect*  of  ultraviolet  irradiation  in  barracks  on 


incidence  of  acute  respirator^  disease  (ARD) 


AW) 

season 

USN  Training 
Center 

Population 

site 

X  reduction  of  ARD 
in  test  group 

Undifferentiated 

Streptococcal 

43-44 

Ssmpson,  H,  Y. 

4800 

25 

— 

44-45 

Sampson,  N.  Y. 

? 

20 

~ 

45-46* 

Great  Lakes,  Ill. 

4000 

20 

24 

46-47 

Crest  Lakes,  Ill. 

1000 

50  (0’S  flu) 

-- 

47-48 

Great  Lakes,  Ill. 

3200 

25-30 

40 

48-49! 

Great  Lakes,  Ill. 

3-4000 

22 

22 

*  Also  irradiation  of  other  erees  (class  rooms,  mess  halls,  dis¬ 
pensary  waiting  rooms)  and  oiling  with  Tr iton-13-minaral  oil  of 
all  barracks  and  decks. 


!  Similar  to  45-46  design  except  oil  treatment  of  blankets  in 
lrrsdisted  group  only. 

Decks  not  oiled. 
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TABLE  4.  Acute  respiratory  disease  (ARD)  incidence  and  barracks 
apace  per  recruit  {old  and  new  barracks) 

May -December  1959,  Naval  Training  Center,  Great  Lakes. 


Space  ] 
per 

recruit j 

t 

Popu- 

Number 

admissions 

Admissions 

ADD 

admissions 

Per  Cent  rela- 
j  tive  reduction 

Man 

Weeks 

per  1000 

Per  Cent 

*  £ 
adenovirus 

Ft2 

Ft3 

Rate 

Positive 

adenovirus 

Old 

32 

286 

57,360 

1501 

26,2 

60 

New 

51 

460 

I57.4&) 

1329 

23. 1 

_ 

11.8* 

11.6 

2  5 

*  flavy  standard  minimum  space  *  50  ft  ;  450  ft'. 
£  Admissions  for  period  June -October  1959. 

{  P  »  <  0.005. 


Both  the  old  and  new  barracks  in  which  the  recruits  were  housed  were 
of  the  single  bay  open  dormitory- type  construction,  but  the  new  bar¬ 
racks  were  considerably  larger,  staking  more  sq.  ft.  of  floor  space  and 
cu.  ft.  of  air  space  available  per  recruit.  A  significantly  higher  in¬ 
cidence  of  reported  disease  occurred  in  the  old  barracks  along  with  a 
greater  proportion  of  adenovirus-associated  illness.  There  Is  no 
reason  to  suggest  that  the  difference  in  disease  incidence  was  due  to 
a  greater  effect  of  crowding  or  airborne  transmission  than  on  direct 
contact  spread.  Caution  also  should  be  exercised  in  concluding  chat 
there  was  less  illness  in  recruits  housed  in  the  new  barracks,  since 
in  reported  illness  motivation  to  attend  sick  call  ia  an  important  fac¬ 
tor  and  living  conditions  were  considerably  better  in  the  new  barracks. 

Studies  by  Breese  et  ml.U)  during  World  War  II  indicated  that  the 
else  of  the  group  housed  together  influenced  the  admission  rates  to  a 
greater  degree  chan  did  the  space  available  per  recruit.  This  relation¬ 
ship  is  depicted  in  Table  5-  On  the  other  hand,  the  common  cold-type 
illness  occurring  In  the  first  2  weeks  of  training,  triiich  in  retro¬ 
spect  would  be  considered  largely  viral  in  nature,  was  influenced  more 
by  the  space  available  per  recruit  than  by  the  site  of  the  group. 
Streptococcal  disease  and  viral  disease  occurring  later  in  training 
were  associated  to  a  greeter  degree  with  group  size.  The  authors  were 
careful  to  point  out  that  the  reasons  for  the  paradoxical  occurrence 
of  a  higher  disease  incidence,  when  more  epece  wee  available  per  recruit. 
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did  not  imply  crowding  to  be  beneficial,  but  reflected  *n  overriding 
effect  of  group  »i*e.  An  analysis  of  the  dete  reported  by  Bernstein W 
revealed  groeily  similar  type*  of  corralations  of  group  site  and  space 
eveileble  per  recruit  with  resulting  disease  (Table  6).  His  dete  were 
obtained  in  e  study  of  recruit  airmen  in  1952  end  1953. 


TABLE  5.  Correlation  coefficients  of  illness  to  crowding 


as  measured  by  naval  trainees  per  room, 
per  450  ft3  eir  space  and  50  ft2  floor  space 


Study  Ho .  1* 

Study 

No.  2* 

Total 

Illness 

Strep 

carriage 

nice** 
first  2  weeks 
treinlng 

Illnea* 
last  4  weeks 
training 

Hon- Strep 

Strep 

Kon* Strep] 

Strep 

So.  per  room 
(from  14-185) 

+.54 

+ 

-.09 

+.14 

+.35 

+.62 

Per  450  ft3 
(from  .73-1.40) 

-.36 

- 

+.07 

-.07 

! 

-.39 

-.54 

Per  50  ft2 
(from  1.03-1.77)1 

-.18 

cog  tan  ■  ( 

+.55 

usa:  .urifiLHacad 

■ 

+♦25 

-.05 

-.04 

*  Observations  Apr  11 -September  1943:  Values  over  .46  significant 
at  IT  level. 

$  Observations  Winter  1942-43:  Values  over  .43  signf icent  at  11 
level;  over  .34  at  5%  level. 


TABLE  6.  Correlation  of  acute  respiratory  disease  (ARC)  in  Air 
Force  recruits  with  space/recruit  and  number  of 
recruits/ room,  Sampson  Air  Force  Base,  1952-1954* 


AND  rate/lOOO/week 

No.  per  loom 

ft2/man 

26.4 

30-72 

59- 142 

643-1543 

23.2 

3-6 

42-64 

510-1020 

Correlation  with  AU)  rate 

Positive 

Negative 

Negative 

*  Adapted  from  dete  by  S.  H.  Bernstein,  Am.  J.  Byg.  65: 162-171.  1957. 
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Since  AID  incidence  i«,  at  least  in  part,  a  function  of  effective 
contact  rata  and  number  of  aggregated  auaceptibles,  reduction  of  the 
former  by  minimising  the  airborne  spread  through  development  of  im¬ 
proved  methods  of  sir  ssnitsticn  and  the  latter  by  housing  fever  re¬ 
cruits  per  living  space  has  considerable  practical  merit,  but  mould  be 
costly  and  stay  not  be  presently  feasible-  Recent  studies  by  Arlecder 
et  #1.^  of  naval  and  marine  recruits  in  training  at  San  Diego  have 
suggested  a  presently  available  method  of  achieving  in  effect  a  reduc¬ 
tion  in  else  of  the  aggregate  number*  of  eueceptiblee.  Segregation  of 
training  units  accompanied  by  intermittent,  rather  than  continuous, 
input  of  newly  arrived  recruits  into  the  training  units,  which  is  prac¬ 
ticed  to  a  greater  extent  by  the  Marinas  than  by  the  Savy,  was  observed 
to  be  eeeocieted  with  a  much  lower  incidence  of  ARD  in  the  marine  re¬ 
cruit*  .  Barrack#  interviews,  serologic  end  X-ray  surveys,  ruled  out 

the  reduction  ei  a  reflection  of  differences  between  the  two  recruit 
populations  In  their  motivation  to  attend  sick  call,  or  in  criteria 
utilised  by  medical  department  personnel  in  diagnosing  and  recording 
illness.  The  difference  in  reported  AID  incidence  between  the  two  popu¬ 
lations  and  presumably  of  unreported  illness  has  occurred  consistently 
for  et  least  8  yr  'K 

The  higher  incidence  in  the  winter  of  specific  diseases,  such  as 
measles  end  chickenpox,  has  been  suggested  aa  evidence  for  airborne 
droplet  nuclei  transmission  of  those  disease*,  in  that  peak  Incidence 
occur*  when  ventilation  retaa  of  living  spaces  are  at  a  minimum^ . 
ARD  is  characteristically  epldejic  in  military  recruits  in  the  winter, 
and  although  In  recent  years  it  hsa  also  occurred  in  epidemic  form  at 
the  Great  Lakes  Naval  Training  Center  in  the  summer,  the  highest  in¬ 
cidence  was  in  the  winter^®'. 

The  temporal  association  of  the  seasonal  increase  of  ARD  in  winter 
and  lower  ventilation  rates  that  occur  at  that  time,  although  ventila¬ 
tion  rates  have  not  been  quantitated,  is  perhaps  sx>rc  significant  in 
naval  recruits  than  in  salt  population*  since,  except  for  the  climatic 
variables,  other  factors  are  more  constant  throughout  the  year.  For 
example,  training  schedules  and  procedures  remain  the  same.  Classes 
are  held  indoors  throughout  the  year.  In  fact,  crowding  of  recruit* 
occurs  to  a  greater  extent  in  the  aumster  than  in  the  winter  due  to  the 
larger  on-board  populations  in  the  summer  . 
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Although  highly  Attractive  this  apparently  straightforward  assoc¬ 
iation  of  A&D  with  lover  ventilation  rate*  «•  support Ing  evidence  for 
transmission  by  droplet  nuclei  was  found  to  be  acre  complex  when  the 
•pacific  atlologic  agenta  involved  wart  considered. 

A  longitudinal  serologic  survey  of  recruits  rand  only  selected  for 
study  st  the  beginning  of  trelsing  revealed  adenoviral  infections  to 
peak  in  the  late  fell  and  winter  and  to  reach  e  low  in  au eater  as  ex* 
pected^®).  Influence  B  also  peaked  in  the  Vinter.  Of  interset,  how¬ 
ever,  was  the  peaking  of  Eaton  agent  fftygoaleiaa  snemnofylfo)  infection 
in  the  summer  end  fall  with  the  loveat  incidence  in  winter,  the  sea¬ 
sonal  variations  in  the  incidence  of  these  three  agents  is  the  randomly 
•elected  recrulta  era  shown  in  Fig.  2. 

The  inverse  association  of  M.  pneumonias  disease  with  ventila¬ 
tion  rates  definitely  retires  consideration  of  the  sffecta  of  rela¬ 
tive  humidity  (KH)  and  other  leas  apparent  seasonal  variables  upon 
airborne  survival.  It  is  entirely  possible  that  KH  effects  can  over¬ 
ride  those  of  ventilation  rates  for  any  of  the  etiologlc  agents,  end 
If  such  is  the  case,  the  association  of  ventilation  races  and  AKD  In¬ 
cidence  could  be  secondary  and  even  unrelated.  Perhaps  direct  con¬ 
tact,  which  la  also  influenced  by  crowding,  it  the  predominant  factor 
for  spread  of  g.  pneumonias  infection  and  la  the  explanation  for 
highest  incidence  during  periods  of  maximum  ventilation.  In  this  con¬ 
nection,  it  is  Interesting  to  recsll  ths  observations  of  Breese  end 
his  associates^  discussed  earlier  in  this  paper.  The  Incidence  of 
streptococcal,  and  to  a  lesser  extent  con-streptococcal ,  disease  oc¬ 
curring  In  the  last  4  weeks  of  training  was  correlated  to  a  higher  de¬ 
gree  with  group  size  than  with  apace  available  per  recruit,  whereas 
the  early,  more  rapidly  acquired  Infect  ions  were  more  strongly  assoc¬ 
iated  with  the  letter.  In  addition.  Hells ^  noted  in  her  studies  that 
although  •  teaaonally  negative  correlation  existed  between  met  a  las  end 
chlckenpox  incidence  end  ventilation  rates,  as  inferred  ftam  differ¬ 
ences  In  disease  patterns  observed  in  Heine,  Virgin la  and  Florida,  the 
seasonal  pattern  of  scarlet  fever  did  not  differ  significantly  in 
these  three  states.  This  suggests  that  ventilation  per  ee  wee  not  of 
predominant  importance  in  the  spread  of  streptococcal  disease.  Al¬ 
though,  in  conjunction  with  other  information  obtained  by  Schulman  and 
Kilbourne^11) ,  droplet  nuclei  spread  of  influenza  is  likely,  and  nay 
be  a  major  mode  of  transmission,  the  need  for  further  research  la 
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obvious  in  tbs  cm*  of  adenovlrue  end  g,  onsustonlM  infections .  High 
priority  should  be  given  to  studying  the  influence  of  tH  upon  slrborn* 
survival  of  thsss  two  sgsnt*.  Studios  such  *•  thoao  by  Hsroess  ot  *1, 
hov*  demonstrated  inf lusass  virus  to  survive  bettor  in  the  slrborn* 
•tots  ot  lower  RH^12). 
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PIG.  2.  Scooonol  relatlonohip  of  a&siaelon  rotes  scute  respiratory 
disease  (AID)  end  Mycoplooat  pneumoniae  in  randomly  selected  navy 
recruits,  Hovel  Training  Center,  Greet  Lakes,  Illinois.  1958-1959. 


In  turnery,  tbs  problem  of  AS.D  it  of  major  importance  and  consti¬ 
tutes  ths  principle  ctutt  of  hospital  tod  dispensary  admission*  in  tht 
Navy  «ad  Marine  Corp» .  Recruits  sxpsr tree*  c  d  ^proportionate  inci¬ 
dence  of  chit  illness.  Evidence  obtained  by  H1MRU-4  strongly  euppor tt 
Che  supposition  that  tirborne  tpretd  It  an  leper  tent  means  of  transmis¬ 
sion  of  A ED  agent*.  UV  light  trreditt ion  studies  have  provided  Che 
most  unaqu lvoeable  evidence  Chet  droplet  nuclei  play  an  important  role 
in  recruit  dinette.  Delineation  of  the  comparative  rolee  of  direct 
contact,  including  droplet  epread,  and  of  spread  by  droplet  nuclei,  re¬ 
quire*  further  research.  'Che  availability  sf  newer  techniques  and,  is 
particular,  method*  for  studying  airborne  Mycoplasma  and  virus**, 
makes  further  study  attractive.  A  relatively  high  priority  should  be 
given  to  e  stu^y  of  survival  of  adenovirus  and  H.  pneumonias  agents 
under  condi  £  !■*  at  varying  SB.  Par  haps  such  a  study  would  explain, 

at  least  in  pert,  the  reason  Chase  two  agents  have  different  seasonal 
peaks  of  incidence  and  serve  as  a  partial  explanation  for  the  apparent 
occurrence  <j\  nigh  j{.  pneumoniae  incidence  is  naval  recruits  at  Crest 
Lakes  during  ye-i/ds  of  higjher  ventilation  rates  in  Chair  living  spaces. 
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DISCUSSION 

SvJiu tman :  There  are  a  fee  points  I  would  like  vou  to  cover. 
Without  s  question  oi  crowding  in  the  two  different  types  of  barracks 
situation  --  the  old  barracks  sad  the  new  one  --  mention  was  made  as 
to  differences  in  ventilation  for  the  two  barracks,  so  that  one  can't 
really  know  iduch  effect  is  of  most  importance,  the  effect  of  crowding 
or  the  effect  of  ventilation. 

L.  Miller:  That  is  entirely  right.  I  don't  have  good  information 
on  that,  except  that  in  the  new  barracks  they  had  thermoatatical ly  con¬ 
trolled  heat  and  did  not  run  Into  the  problem  where  it  got  so  unbear¬ 
ably  hot  that  they  had  to  open  the  windows  wide.  In  other  words,  there 
say  have  been  a  lower  ventilation  rata  in  the  new  barracks.  It  ia  com¬ 
mon  to  gat  ao  hoe  in  the  old  bdrracko  that  all  windows  are  opened  for 
awhile  and  thereby  increased  ventilation  wuW  result.  I  think  the 
point  1  really  wanted  to  make  was  not  the  relative  importance  of  venti¬ 
lation  rate  or  crowding  but  tha  fact  that  the  rise  of  the  groups  was 
comparabla,  ao  that  the  amount  of  dlract  contact,  not  considering 
droplet  infection  now,  should  have  bean  vary  similar  in  tha  two  groups. 
This,  by  exclusion  chan,  leaves  you  with  the  impression  that  perhaps 
other  methods  of  spread  were  important;  perhaps  the  airborne  route.  It 
ia  not  real  good  Information. 

Bloom:  I  understand  the  KAKRU-4  is  studying  the  comparative  res¬ 
piratory  disease  incidence  In  different  military  population*  in  the 
aame  geographical  location. 

L.  Millar:  Yes.  He  have  noticed  for  some  time  that  there  has 
been  more  reported  illness  in  tha  Davy  recruits  in  San  Diego;  that  la. 
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a  higher  incidence  Chen  in  the  Marine  recruit#  at  Sen  Diego.  They  ere 

in  the  same  geographic  area,  right  across  she  fence  ire*  each  other.  I 

expected  shis  question  so  I  have  some  slides,  if  1  can  take  the  time. 
* 

VTT?  :  The  Marion*  are  supposed  to  be  tougher,  anyway. 

I,  Millay:  WeU,  by  the  LLm  1  enow  you  chi*  information  you  will 
see  that  although  they  may  he  tougher  individuals,  that  is  not  the 
reason  they  have  less  reported  illness. 


NAVAL  RECRUITS  GREAT  LAKES  NAVAL  RECRUITS  SAN  DIEGO 


MARINE  RECRUITS  PARRIS  ISLAND  MARINE  RECRUITS  SAN  DIEGO 


FIG.  I-D.  Incidence  acute  respiratory  disease  (AUJ)  and  pneumonia. 

Naval  and  Maria*  recruit#  Tf  1956-61 

This  slide  (Fig.  l-D)  shows  what  occurred  over  a  number  of  years  in 
the  Naval  recruits  at  San  Diego  and  the  Marine  recruits  at  San  Diego, 
This  is  the  incidence  per  100  sen  of  admitted  MB.  You  will  eea  that 
there  is  consistently  a  considerably  less  reported  AND  incidence  in  the 
Marine  recruits  compared  to  the  Naval  racrulta.  Whan  you  com  to  tha 
pneumonias,  they  era  more  ccasparabla ■  As  a  matter  of  fact,  there  le 
actually  a  somewhat  hignar  adeisaioa  rata  for  pnauawniaa  in  the  Mar¬ 
ines,  as  seen  in  the  next  elide  (Table  l-D). 


*  VFTT  “  Voice  from  the  floor. 
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TABLE  1*D.  Rubella  rate/lOOO/average  strength 


Fiscal 

NAVY  ' 

MARINES 

Year 

Sainbrldge 

Crest  Lakes 

i 

Sen  Diego 

Parris  Island 

San  Diego 

L962 

— 

140 

173 

0 

49 

1961 

— 

195 

189 

i 

1 

37 

1960 

— 

156 

141 

29 

109 

1959 

— 

134 

i 

! 

163 

! 

6 

62 

1958 

— 

191 

182 

25 

47 

1957 

52 

152 

182 

1 

17 

1956 

6 

142 

123 

4 

34 

1955 

4 

47 

13& 

0 

20 

This  elide  shows  the  rubella  Incidence  at  the  four  training  centers 
(excluding  Bainbridge).  Rubella  is  a  pretty  good  disease  Index  be* 
cause  a  recruit,  vdiether  he  is  Navy  or  Marine,  will  report  his  illneBS 
when  he  gets  a  rash.  If  he  doesn't  report  it,  his  buddies  will  make 
him  go  to  Sick  Call.  You'll  notice  particularly  in  the  Navy  and  Mar¬ 
ines  at  Sar.  Diego  that  there  is  a  consistently  higher  rate  for  rubella 
in  the  Naval  recruits. 


TABLE  2-0.  Meningococcal  meningitis,  Navy  and  Marine 
Corps  recruit*,  San  Diego,  California 
1961-1963 


1961 

1962 

1963  (to  Sept) 

Bevy 

9 

25 

33 

Marines 

J  1 

0 

1 

Table  2-D  show*  the  eases  of  meningococcal  meningitis  occurring  at 
Ban  Diego  - -  this  la  the  number  of  casee,  not  a  rate,  and  the  Marine* 
usually  have  about  i/3  the  population  sis*.  You  will  notice  that  men¬ 
ingitic  was  primarily  a  problem  in  the  Navy- 

Table  3-D  shove  that  acute  rheumatic  fever  was  again  primarily  a 
problem  In  the  Navy . 
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TABLE  3-D.  Rheumatic  fewer  cases,  Recruit  Training  Commands , 

Sen  Diego,  California 


Calendar  year 

NAVY 

MARINES 

I960 

1 

1 

1961 

IS 

8 

1962 

34 

2 

Figure  2-D  shows  the  total  incidence  of  reported  illne*#;  that  is, 
admissions  and  febrile  respiratory  disease  episodes  reported  by  the 
Navy  and  Marine  recruits  to  Stoic  Call.  A  sharp  increase  occurs  in  the 
early  weeks  of  training  in  the  Navy  recruita.  Ifce  Marine  recruits  have 
a  delayed  incidence,  and  respiratory  disease  does  not  occur  to  the 
same  extent. 


FIG.  2-P.  rebrile  respiratory  episodes  reported  to  sick  call. 
Rates  per  1000  plotted  by  weeks  on  board. 
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Table  4-D  show*  the  number  of  men,  Marin.,*  and  Htvy ,  we  vert 
studying  end  the  wen-week*  of  exposure;  the  febrile  end  afebrile 
codes  of  ARO  end  the  incidence  of  pneumonia  are  shown.  You  will  see 
that  the  Hevy  has  higher  rate*  in  reepiratory  disease  until  we  get  to 
pneumonia.  There  the  rates  were  almost  identical  —  sll  this  referred 
to  e«  far  is  reported  illness.  It  it  necessary  to  survey  men  lit  the 
barracks  to  determine  the  extent  of  unreported  Illness.  Sis  Marine 
platoons  and  sis  Navy  companies  were  surveyed  --  they  were  seen  a 
coup lo  of  times  a  week.  On  surveyed  illneas  you  get  away  from  the  fac 
tor  of  activation  to  report  their  illness. 


TABLE  4-D.  Stuanary  of  admitted  respiratory  illness 


NAVY 

i,in.in.Tt_i  I,,,  ,,  | 

MARINE 

Number  of  men 

8949 

2789 

Mars  weeks 

89490 

33468 

ASP  admissions 

983 

117 

ARD  aduissions/M  man  weeks 

11.0 

3.5 

Pneumonia  admissions 

270 

120 

Pneumonia  admissions/M  man  weeks 

3.0 

3.6 

Figure  3-D  shows  a  larger  percentage  with  respiratory  disease  in 
the  Navy  compared  to  the  Marines.  So  the  Marines  actually  do  have 
lees  respiratory  disease. 

Tsbla  5-0  shows  the  serology  on  the  surveyed  groups  regardless  of 
their  illness  status.  Ycu  will  notlcs  for  Eaton  agent  that  there  is  e 
considerably  higher  CF  convereion  rate  in  the  first  4  weeks  In  Che  Navy 
tnan  in  the  Karines.  Later  on  In  training,  the  Marine*  begin  to  catch 
up  and  by  the  end  of  training  the  Marines  are  more  comparable.  1  think 
this  may  possible  provide  s  partial  explanation  as  to  why  the  pneumonia 
rate*  were  more  similar  than  the  ARD  rate*  in  the  Marine  and  Navy  re¬ 
cruit*.  Table  6-D  shows  the  earn*  trend  for  ecreptococcal  disease  as 
indicated  by  the  ASO  responses.  The  conversion  rate  la  higher  and 
earlier  In  the  Navy  compared  to  the  Marines  --  yet  toward  the  end  of 
the  9  weeks  total  period  there  ie  not  a  great  deal  of  difference.  In 
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other  word*,  there  vti  ■  *  lower  *pr#ad  of  *  treptouoccus  in  the  Maria* 
recruit*. 


6  Navy  Companies  — ■ 


Time  for  50%  of  Navy  group  to  develop  score  >4  »  1.16  weeks. 
Time  for  50%  of  Karine  group  to  develop  score  >4-3.0  weeks. 

FIG,  3-D.  Febrile  respiratory  episodes  reported  to  sick  call. 
Rates  per  1000  plotted  by  week*  on  board. 


TABUS  5-D.  Eaton  agent  CF  serology  (4-fold  rises) 
in  surveyed  San  Diego  recruits,  1963 


' 

Total 

1-4 

|  5-9 

Total 

tested 

weuks 

weeks 

(1-9) 

Navy 

250 

14.4% 

7.2% 

21.6% 

Marine 

213  1 

2.8% 

10.3% 

13.1% 

TABLE  fc-D.  ASO  serology  (2-tube  rise*)  in  surveyed 
San  Diego  recruits,  1963. 


Total 

1  tested 

1-4 

weeks 

5-9 

weeks 

Total 

(1-9) 

Navy 

mm 

13.3% 

11.3% 

24.2% 

Marine 

■EH 

_IU 

U  .  7% 

19.2% 

TABLE  7-D.  Adenovirus  CP  serology  (4-£old  rises) 
in  surveyed  San  Diego  recruit*,  1963. 


Total 

tested 

WBM 

5-9 

weeks 

Total 

(1-9) 

Navy 

250 

mm m 

46.0% 

76.4% 

Marine 

213 

mm 

30.0% 

3S.7X 

Table  7-D  show*  adenovirus  aerology  findings.  Here  we  find  a 
rather  narked  difference  between  the  two  population  groups.  Notice, 
there  was  about  a  6-fold  higher  conversion  rate  in  the  first  4  weeks 
of  training  in  naval  personnel.  When  we  get  toward  the  end  of  training, 
there  is  still  an  appraciable  difference;  about  a  2-fold  higher  conver¬ 
sion  rate  occurred  in  the  Navy. 


TABLE  8-D.  Prevalence  of  pulmonary  infiltrates  In  non- 
hoepltalized  Navy  and  Marine  recruits, 
same  military  age  (30  days) 

San  Diego,  California,  1963 


Marine  recruits 

Navy  recruits 

Number 

% 

Number 

% 

With  infiltrate 

4 

1.1 

19 

4.9 

Without  infiltrate 

J&k- 

370 

Total 

348 

389 

Table  8-D  shows  the  results  of  X-ray  surveys  in  which  entire  Mar¬ 
ine  platoons  and  Navy  companies  were  marched  to  sick  bay  for  lung  X- 
ray  at  about  the  end  of  the  first  30  days  of  training.  You  will  notice 
that  in  the  Marine  recruits  we  found  roughly  1.1%  of  so-called  walking 
pneumonias,  or  at  least  walking  infiltrates,  and  about  5%  in  the  Navy. 
There  is  no  question  that  there  was  more  severe  illness  in  the  Navy. 
Also,  contrary  to  what  we  expected  to  find,  the  Navy  recruics  were  less 
apt  to  report  their  illness  than  were  the  Marine  recruits. 

What  ia  the  difference  between  these  two  populations?  They  come 
from  the  9ame  part  of  the  country,  they  aie  the  same  age  group,  same 
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S*x.  Probably  a  big  factor  is  the  population  •  Iza;  t&e  Navy  popula¬ 
tion  being  about  three  time*  larger  then  the  Marine  population.  This 
results  in  less  crowding  in  the  Marines.  1  think  anothar  vary  impor¬ 
tant  factor  ia  tha'  when  tha  Marinas  srriv*  at  San  Diego  from  civilian 
life,  they  are  put  into  platoons  almost  immediately  end  these  platoons 
are  kept  separated,  very  little  intermingling  between  the  different 
platoons.  hot  so  with  the  Navy.  The  Navy  forms  its  companies  up  to 
3  days  later  end  the  attempt  to  keep  Che  companies  segregated  from 
each  other  ia  not  nearly  ao  apparent.  The  Marines  have  three  inde¬ 
pendent  training  battalions.  Input  into  these  battalions  is  rotated  on 
e  weekly  basis.  That  Is,  all  recruits  arriving  in  the  seme  week  are 
put  into  one  battalion  end  the  next  week's  arrivals  in  the  next,  and  eo 
on.  This  results  in  an  intermittent  input  end  tends  to  break  the  chain 
of  transmission  from  the  sick  to  the  well.  There  is  a  continuous  Input 
into  the  seme  battalion  In  the  Navy .  The  Marines  have  more  of  their 
training  outdoors  then  the  Navy  recruits,  because  the  Navy  recruits 
have  to  take  much  more  class  work.  However,  in  the  1st  week  or  two  of 
training,  there  is  about  the  same  time  percentage  spent  indoors  or  in 
classroom  work  in  both  populations,  and  by  the  2nd  week  a  higher  inci¬ 
dence  has  occurred  in  the  Navy.  The  Marine  platoons  are  roughly 
the  same  aa  the  Navy  company  but  they  split  these  plstoon  into  squads . 
There  are  usually  about  20-25  men/squad  and  these  squads  are  housed 
separately.  Therefore,  the  size  of  the  aggregation  of  susceptible!  is 
much  less  for  the  Marines  than  for  tha  Navy .  All  of  these  factors  ere, 
I  am  sure,  important,  and  I  think  it  Justs  illustrates  the  point  that 
the  environment  must  be  considered  right  along  with  che  parasite  end 
the  host. 

Acker :  As  I  understand  it,  substantial  bearing  on  this  problem 

might  have  been  due  to  the  schedule  and  immunising  Injections  for  these 
recruits;  that  was  a  very  interesting  point. 

L,  Miller:  This  is  so.  Our  study  on  this,  which  wss  dome  at 
Great  Lakes,  was  set  up  to  run  1-1/2  yr  during  which  epproxiawtely  half 
the  recruits  were  put  on  a  routine  immunization  schedule  share  they  get 
about  21  different  antigens;  9  ml  of  vaccine  of  one  kind  or  another  In 
the  1st  half  of  training  when  they  have  the  saxiausi  amount  of  illness. 
The  other  5 OX  received  immunizations  other  than  respiratory  disease 
vaccine,  like  the  adenovirus  vaccine  and  influenza  vaccine,  In  tha  last 
half  of  training  when  there  is  much  less  AKD  normally  occurring.  In  a 
population  of  over  50,000  studied,  we  found  that  admissions  for 
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pneumonia  were  about  20%  less  in  recruita  on  th«  delayed  ichedule; 
alas,  the  ASX)  incidence  was  about  20%  leaa  —  that  la,  reported  ill* 
neaa .  When  w  did  X-ray  aurvey* ,  we  found  about  the  sane  reduction  In 
the  prevalence  of  pulmonary  infiltrate*.  I'd  like  to  encourage  people 
to  work  on  thla!  1  think  Or.  Sehulman  may  be  doing  something  on  this 
at  the  present.  We  set  up  the  hypothesis  that  the  endotoxin- like 

properties  in  tome  of  these  vaccines,  particularly  typhoid  vaccine, 
have  a  biphaaic  effect  on  auaceptibility :  that  in  the  first  few  hours, 
perhaps  up  to  12  hr  after  immunization,  there  is  an  increased  non¬ 
specific  type  auaceptibility,  followed  by  an  increased  resistance. 
When  you  g:  >  the  immunisations  at  a  tine  when  illness  is  incubating, 
with  vaccine;  egeinat  which  there  ia  little  if  any  challenge,  the  epi¬ 
demic  respiratory  disease  problem  ia  accentuated. 

VTO1:  Ia  there  any  difference  between  the  scheduling  of  Marines 

and  Kay y  recruita  regarding  Immunization? 

t.  Killer:  So,  it's  about  the  same  in  San  Diego. 

Shinef ield:  May  I  aak  one  ijueation  relative  to  the  incidence  of 

bacterial  pneumonia  in  the  cases  with  ARD?  Do  you  have  any  authorita¬ 
tive  facts  illustrating  the  relationship  between  bacterial  pneumonia 
and  those  individuals  that  had  ARD? 

L.  Miller;  No.  I  would  say  80%  of  the  recruita,  and  I  talk 
about  the  recruit  population,  have  ARD  of  a  mild  nature,  primarily. 
In  studies  at  Great  Lakes  it  has  been  difficult  to  find  recruita  that 
have  pneumonia,  bacterial  pneumonia,  chat  did  not  have  preceding  ARD. 
We  have  very  little  bacterial  pneumonia  occurring  at  Great  Lakes  for 
several  reasons.  I  think  the  most  important  one  ia  the  routine 
Biclllln  prophylaxis  given  to  all  recruits  who  are  not  sensitive  to 
penicillin.  They  get  1.2  million  units  of  Biclllln  shortly  after  they 
arrive  or  within  the  1st  couple  of  weeks  aftar  arrival.  On  one  occa¬ 
sion  we  have  seen  this  noticeably  terminate  a  streptococcal  pneumonia 
outbreak.  the  prophylaxis  program  was  started  aftar  the  outbreak  had 
been  underway  for  about  10  days  and  as  soon  at  the  program  waa  started 
the  epidemic  terminated.  If  we  hadn't  uaad  it,  and  since  atrep  starts 
to  become  a  problem  In  the  fall  and  becomes  more  end  more  of  a  problem 
as  we  progress  Into  tna  winter,  we  would  have  expected  more  strepto¬ 
coccal  pneumonia.  I  think  the  fact  that  we  used  Biclllln  ia  one  Im¬ 
portant  factor  or  reason  we  don't  have  very  much  bacterial  pneumonia . 

Mad  in:  In  relation  to  the  amount  of  vaccine  given,  did  you 

notice  any  systemic  reaction  such  aa  kidney  troubles,  etc? 
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i.  Miller:  Ho,  not  that  ve  ever  becas*  aware  of,  W*  had  the  im¬ 
mediate  systemic -type  reaction  but  no  more  than  what  would  be  expected 
We  did  not  run  acroa*  the  problem  you  mentioned.  The  typhoid  vaccine 
wi  usually  the  worst  one  for  iaeedlate  reactions.  We  did  not  run 
across  the  problem  with  any  vaccine  such  as  we  ran  serosa  at  KAMR.V-1 
when  we  were  using  the  plague  vaccine  in  ttfiieh  we  got  those  aevere  de¬ 
layed  ractions  after  24-48  hr.  Insofar  as  kidney  seguela,  and  #o  on, 

I  don’t  think  it  occurred. 
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If  this  were  to  be  a  sernon,  I  would  choose  for  my  text  Newton ' • 
Third  Law  of  Motion:  For  every  action,  there  is  an  equal  and  opposite 
reaction.  In  the  field  of  infectious  disease  control,  there  are  many 
examples  to  Indicate  that  we  nay  be  moving  towards  this  truth.  In  the 
postwar  years  we  have  seen  the  nearly  miraculous  effect  of  penicillin 
on  the  staphylococci  and  the  equally  startling  development  of  wide¬ 
spread  resistance  of  these  organisms  to  the  antibiotic.  The  one-time 
promise  of  DDT  to  completely  eradicate  mosquitoes  from  most  of  the 
world  has  been  seriously  threatened  by  the  propagation  of  genetically 
resistant  strains  of  mosquitoes  and  strains  which  instinctively  avoid 
alighting  on  D0T-covered  interior  surfaces.  Syphilis,  which  for  a 
time  was  so  rare  that  stany  graduates  of  medical  schools  in  the  1950‘s 
had  never  seen  a  case  of  infectious  syphilis  during  their  treining, 
has  been  vigorously  resurgent  for  the  past  6  yr . 

Thus  it  is  with  meningococcal  meningitis  and  meningococcemia. 
During  World  War  II,  victory  against  these  diseases  st  last  seemed 
close  et  hand  with  the  discovery  that  even  t  single  2  g  dose  of  a 
sulfonamide  could  sterilise  most  persons  with  respect  to  the  meningo¬ 
coccus.  So  effective  have  the  sulfonamides  been  against  this  disease 
that,  with  the  exception  of  a  moderate  rise  in  incidence  during  Che 
Korean  War  period,  there  heve  been  no  mejor  epidemics  of  the  disease 
in  the  United  States  since  1944.  During  the  10  yr  period  19*3  through 
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1962,  for  example,  fewer  cases  occurred  than  during  the  2  yr  period 
1943*1944.  It  was  possible  to  ignore  the  careful  work  on  environmental 
control  of  the  disease  accomplished  in  this  country  and  in  England 
during  World  War  I  with  the  wonder  drug  at  hand  some  25  yr  later.  It 
was  even  possible  ta  stoa  further  research  on  the  disease,  since  sup* 
plies  of  the  sulfonamides  were  virtually  unlimited,  cheap,  and  extra¬ 
ordinarily  effective. 

this  period  of  complacency  has  coae  to  an  abrupt  end.  Earlier  this 
year,  Millar  et  al£*^  reported  the  recovery  of  «  Group  6  kisser ia 
meningitidis  resistant  to  safe  clinical  level*  of  su  If  or,  amides  both  in 
vitro  and  in  vivo.  this  strain  was  largely  responsible  for  a  large 
outbreak  of  meningococcal  infection  and  disease  among  naval  recruits 
to  be  discussed  ia  this  paper-  Wien  knowledge  of  the  resistant  strain 
transpired,  it  was  then  shown  that  a  concurrent  outbreak  of  the  disease 
at  a  military  base  several  hundred  miles  distant  wag  caused  by  a  sim¬ 
ilarly  resistant  strain  of  meningococcus.  Spread  of  the  sulfonamide- 
resistant  organism  from  naval  and  military  populations  to  the  civilian 
population  of  the  United  States  has  now  been  carefully  documented  in 
two  instances  and  is  suspected  in  a  third  case. 

Because  meningococcal  disease  Is  a  disease  of  humans  onLy,  because 
the  case  fatality  ratio  still  averages  about  121  in  this  era  of  anti¬ 
biotics,  because  the  infection  can  spread  so  rapidly  among  crowded  pop¬ 
ulations,  and  because  a  potential  danger  exists  from  the  occurrence  of 
sulfonamide-resistant  strains  of  meningococci,  it  is  urgent  that  the 
research  on  control  of  this  disease  which  was  terminated  (for  all  in¬ 
tents  and  purposes)  in  the  last  years  of  World  War  II  be  resumed  once 
more.  Because  the  major  means  of  spread  of  the  infection  are  through 
direct  contact  and  by  short-range  aerosols  from  the  noses  and  mouths 
of  infected  individuals,  it  is  appropriate  to  present  some  of  the  inter¬ 
esting  features  of  the  recent  epidemic  at  San  Diego  before  this  Sym¬ 
posium. 

DESCRIPTION  OF  THE  EPIDEMIC 

Between  1  January  1963  and  30  June  1963,  a  total  of  34  cases  of 
meningococcal  disease,  including  three  deaths,  were  reported  in  re¬ 
cruits  at  the  U.S.  Naval  Training  Center,  San  Diego,  California. 

During  the  same  period,  by  conservative  estimate,  an  additional  10,004 
recruits  became  healthy  carriera  of  the  meningococcus  and  were  dis¬ 
persed  throughout  the  Navy  upon  completion  of  recruit  training. 
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Follow  with  s*.  now,  the  varioua  sweats  that  took  place  during 
this  6  month  period  and  for  several  months  afterwards.  1  have  chosuHi 

a  chronological  rather  than  a  categorical  presentation  of  die  facta, 
for  I  believe  this  wilt  better  relete  the  manifold  findings  of  the 
epidemic  . 

First,  let  u#  became  oriented  by  e  brief  description  of  the 
training  center  and  the  recruit  training  program.  the  Center  ie 
located  about  20  min  drive  from  downtown  San  Ciogo  (Fig.  1).  It  is 
’’hotse"  for  8,000-12,000  recruits  at  any  an*  time.  In  add  11  ion,  nearly 
8,000  other  personnel  arc  baaed  there  on  a  mure  permanent  duty;  these 
personnel  comprise  such  groups  as  company  commanders,  medical  and 
supply  department  persona*  1,  instructors,  students  at  advanced  training 
schools,  and  to  on. 


U.  S.  NAm  TRAINING  CENTER,  SAN  OltGC 


FIG.  1 


Recruits  cone  from  all  SO  United  Stated  the  majority  come  fro* 
the  weeterr.  half  of  the  United  Stecea.  Upon  arrival  at  Che  Centar, 
they  remain  in  e  general  holding  area  for  about  2  days  end  chan  fora 
recruit  company#  of  approximately  75-80  men  each.  During  Che  first 
3  weeks  of  the  9-week  training  course,  companies  art  assigned  tr  bar¬ 
racks  in  the  Camp  Nimits  area.  Each  company  occupies  one  floor  of  one 
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wing  in  a  two-atory,  "il"-§h4ped  barrack*.  Kea<  facilities  for  the  Camp 
Nimit*  area  consist  of  a  tingle,  large,  open  area  serving  an  average  of 
2,500-4,000  peraona/meal.  Racruita  in  thi*  firat  trimester  of  training 
art  partially  Isolated  front  the  remainder  of  the  recruit  population. 
Classes  are  frequently  held  et  the  stain  training  canter  at  Camp  Decatur, 
fhta  procedure  permit «  acme  tainting  of  recruit#  in  the  early  and  advanced 
stages  of  training.  After  the  initial  3  week#,  recruits  stove  to  Camp 
Decatur  and  occupy  barrack  apace#  similar  to  those  at  Camp  Nimite; 
seeking  take#  place  in  two  mesa  halls  separated  by  a  cotason  galley. 

Si  rough out  the  training  period,  recruits  come  la  contact  only  with 
specialised  groups  of  permanently-baaed  personnel  who  are  responsible 
for  their  care  and  training.  Liberty  ia  granted  only  after  completion 
of  the  5th  or  6th  week  of  training,  Upon  completion  of  recruit  training, 
recruit*  receive  a  10*day  leave  and  then  move  to  permanent  ship  or  shore 
station  duty  or  to  advanced  training  schools. 

At  the  beginning  of  the  epidemic  --  which  was  arbitrarily  defined 
later  in  its  progress  --  certain  significant  conditions  existed: 

A.  Training  was  intensive,  with  the  production  of  considerable 
fatigue  among  recruits.  Until  the  outbreak  was  we  1 1 -advanced,  re¬ 
cruits  averaged  about  3-1/2  hr  sleep  each  day.  To  add  to  the  burden, 
personal  laundry  was  done  at  the  close  of  each  day  and  each  recruit 
participated,  from  time  to  time,  In.  a  2  hr  night  watch  to  safeguard  the 
laundry  in  barracks. 

B.  Barracks  were  greatly  overcrowded .  Before  the  end  of  April, 
each  sleeping  unit  occupied  about  25  sq  ft,  Juet  1/2  the  minimum  value 
prescribed  by  the  Bureau  of  Medicine  end  Surgery  of  the  Navy  Department 
and  but  1/3  the  desirable  value  of  72  *q  ft  per  sleeping  unit. 

C.  Mouch-to-mouth  contamination  occurred  in  the  use  of  drinking 
fountains.  Bach  company  area  in  a  barracks  had  one  drinking  fountain. 
Because  of  the  training  schedule,  all  recruits  tended  to  queue  for 
water  at  the  same  time.  A  noticeable  drop  In  water  pressure  occurred 
•s  a  result  and  the  Jet  of  water  from  the  fountain  was  reduced  to  the 
point  where  the  recruit  needed  to  place  hie  lips  on  the  orifice  for 
hla  drink 

D-  Routine  Immunisations  against  ten  separate  diseases  were 

crammed  into  a  tight  schedule.  Such  crowding  of  inoculations  has  been 
demonstrated  to  predispose  ro  respiratory  infections^  .  In  addition, 
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the  febrile  response  from  the**  inoculation*  occurred  so  often  that 
dispensary  physicians  *t  fir*t  confined  the  febrile  response  of  menlago- 
coccal  di*ea*«  with  the  inoculation  reaction.  Diagnosis  of  tha  disease 
we*  thu*  delayed  oeea* tonal  ly  . 

E.  Die  program  for  control  of  meningococcal  disease  w**  »  po^t 
facto  one.  Ko  progress  was  in  force  until  on*  or  more  e**«*  occurred. 
Surveillance  for  subclinlcal  infection*  was  not  considered  necessary 
because  mass  sulfonamide  prophylaxis  was  always  available  for  control 
of  high  carrier  prevalence  signeled  by  the  occurrence  of  diseese. 

This,  then,  is  the  framework  upon  which  the  epidemic  was  built. 
Sporadic  cases  of  meningococcal  diseese  throughout  the  year  were  always 
expected,  but  caused  no  undue  alarm .  When  several  c«*e*  occurred 
within  a  short  span  of  time,  sulfonamide  prophylaxis  would  be  given  to 
the  company  contacts  of  the  cases  or,  less  frequently,  to  the  entire 
recruit  population.  This  latter  routine  occurred  as  recently  as  June 
end  July  1962,  when  11  cases  due  to  e  Group  C  meningococcus  developed. 
This  outbreak  was  abruptly  terminated,  aa  usual,  by  sterilizing  the 
throats  of  carriers  with  sulfadiazine. 

In  Fig.  2,  the  1963  epidemic  is  shown  in  detail.  Three  sporadic 
case*  occurred  in  January  and  February.  During  the  1st  week  of  March, 
four  cases,  Including  one  death,  were  reported,  and  sulfadiazine  pro¬ 
phylaxis  was  administered  to  all  recruits.  The  strain  isolated  from 
patients  at  this  time  was  Group  C.  There  followed  a  period  of  17  days 
(11*27  March)  when  no  additional  caaes  were  reported.  On  28  March,  e 
patient  was  admitted  in  whom  Group  B  meningococci  were  isolated  and,  5 
days  later,  a  second  patient  was  admitted  with  a  Group  B  infection. 

Maas  sulfadiazine  prophylaxis  was  again  ordered  --  this  time  not  only 
for  all  recruits  but  also  for  the  training  cadre  aa  well. 

Additional  cases  were  reported,  however.  It  was  felt  at  that 
time  chat,  while  the  existence  of  sulfonamide  resistance  in  the  Group 
B  meningococci  was  a  remote  possibility,  the  moat  likely  explanation 
of  the  additional  caaes  was  a  purely  administrative  one,  namely,  per¬ 
sonnel  either  miased  taking  prophylaxis  or  deliberately  avoided  caking 
their  drug.  Therefore,  on  16  April,  indicated  by  the  third  arrow  in 
Fig,  2,  sulfadiazine  prophylaxis  was  administered  to  all  recruits 
again.  This  time  (and  subsequently  In  all  prophylaxis  programs),  how¬ 
ever,  strict  controls  were  enforced  to  insure  that  all  recruits  con¬ 
sumed  their  tablets  st  the  times  directed.  The  drug  was  stubbornly 
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resdininistered  on  22  April  and  2  Hay,  the  the  disease  Just  as  stub¬ 
bornly  refused  to  die  out.  By  this  latter  date,  Group  B  meningococci 
were,  and  remained,  the  predominant  group  cultured  from  the  throats  of 
carriers  and  patients 

The  details  of  establishing  the  proof  of  sulfadiazine-resistant 
meningococci  have  been  presented  in  another  paper^  and  need  no  fur¬ 
ther  comment.  To  indicate  the  magnitude  of  the  problem,  however,  it 
should  be  stated  that  ada'.inistration  of  sulfadiazine  in  a  regimen  that 
would  normally  prevent  culture  of  tueningocoeci  4  hr  after  taking  the 
first  dose  failed  to  yield  a  significant  reduction  in  a  carrier  ratio 
of  nearly  60% ! 

Ibis  was  the  first  of  two  major  crises  to  be  encountered.  The 
automatic  tendency,  once  it  was  known  that  sulfonamides  could  not  af¬ 
fect  the  carrier  state,  was  to  seek  other  antibiotics  as  aubstltutes 
in  mats  prophylaxis.  Certain  environmental  changes  were  also  made  at 
this  time,  including: 

A.  Changes  in  training  to  insure  7-8  hr  sleep  each  night. 

B.  Alteration  of  the  immunization  schedule  to  space  inoculations 
as  evenly  as  possible  throughout  the  9-week  training  period. 
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C.  Reopening  of  unused  barracks  to  Increase  floor  area  per 
sleeping  unit . 

8.  Discontinuing  barracks  laundering  and  the  night  laundry  watch - 

E .  Observation  arid  culturing  of  throats  of  recruits  reporting  to 
the  dispensary  with  febrile  illnesses. 

The  search  for  another  antibiotic  as  effective  as  sulfadiazine 
led  to  use  of  oral  penicillin  G,  oral  penicillin  V,  sulfamethoxy- 
pyridiztne,  oxytetraeycline,  and  finally,  in  studies  at  the  Naval 
Training  Center.  Great  Lakes,  Illinois,  to  Asapicillia  (F-SO),  still  an 
experimental  drug  at  the  time  of  study.  None  of  these  accomplished 
the  elimination  of  the  carrier  state  with  the  efficiency  had  in  the 
past,  though  in  vitro  studies  indicated  that  the  aucningococc i  tested 
were  very  sensitive  to  the  drugs  used.  Figure  3  Indicates  the  general 
experience  with  several  drugs.  Oxytetracycline  showed  the  most  promise, 
but  within  4  days  of  discontinuing  the  drug,  prevalence  of  meningo¬ 
coccal  carriers  had  returned  to  pretreatment  level.  Use  of  these  anti¬ 
biotics  among  recruits  did  have  the  effect  of  reducing  the  frequency  of 
clinical  cases,  but  they  were  not  administered  on  a  long-term  basis  be¬ 
cause  of  troublesome  side  effects  #r  .i  because  ve  were  convinced  that 
once  the  "antibiotic  lid"  was  lifted,  the  "disease  pot"  would  boil  over 
again. 

Our  narrative  has  now  progressed  to  June  1963  and  before  pre¬ 
senting  the  happy  ending  to  the  story.  I  would  like  to  summarize  the 
clinical  material  on  the  34  patients  with  meningococcal  disease.  Table 
1  illustrates  the  diagnostic  classification  of  cates,  together  with  the 
evidence  on  which  diagnosis  was  based.  Note  that  a  total  of  27  of  the 
34  case*  were  confirmed  by  culture  or  spinal  fluid  ameer.  The  initial 
signs,  symptoms,  and  laboratory  findings  are  presented  in  Table  2  and 
as  may  be  seen  are  not  at  all  unusual  for  the  disease.  The  three 
deaths  that  occurred  were  ail  fulminating  caaes  who  sought  medical  ac¬ 
cent  i-n  when  no  therepy  could  save  them  and  who  died  within  24  hr  of 
admission.  The  remaining  31  patients  showed  a  good  response  to  creot- 
taant  and  have  had  no  evidence  -f  permanent  neurological  sequels*. 
Treatment  constated  of  Intravenous  sulfonamides  and  intravenous  infu¬ 
sion  of  16-24  aegs-unir*  of  aqueous  penicillin  dally.  Because  of  the 
use  of  penicillin  in  addition  to  intravenous  sulfonamides,  it  is  im¬ 
possible  to  answer  the  tantalizing  question  of  whether  the  response  of 
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Percent  of  total  with  positive  cuitur 


Days  after  start  of  treatment 


FIG.  3-  Ef fectlvene**  of  varloua  drugs  on  eradication  of  oenirgo 
cocci  fro*  carrier* .  U.  S.  Naval  Training  Cancer,  San  Diego,  196.,. 


TABLE  1 


Confirmation  of  diagnosis  case**  of  meningococcal  disease. 
Naval  Training  Center,  San  Diego .  1963. 


Total  of,  34  cases  officially  reported  by  the  V.  S.  Saval  Hospital, 
San  Diego,  from  1  January  through  30  June  1963. 

of  these,  32  records  were  analyzed. 

Diagnosis  was; 

Meningococcal  meningitis  in---------  25 

Men  ingoeoccemia  in  '/ 

Total  -  -  -  - - 32 


Of  the  25  cases  of  meningococcal  meningitis; 

Diagnosis  confirmed  by  positive  CSF 
culture  or  pleocytosis  in  CSF  and 

positive  blood  culture  in-----------  19 

Diagnosis  confirmed  by  purulent  CSF 

and  positive  CSF  gram  stain,  although 

cultures  negative  in  -------------  2 

Diagnosis  made  on  iasl*  of  purulent 

CSF  in  the  presence  of  an  epidemic  -- 

all  cultures  and  gram  st;.in*  being  ^ 

negative  in------------------  _4 

Total . 25 


Of  the  7  cases  of  meningococcemia: 

Diagnosis  confirmed  by  positive  blood 

cultures  in  the  absence  of  stigmata  of 

meningitis  in  6 

Diagnosis  made  on  basis  of  clinical 
findings  only  (fever,  petechial  rash) 
in  presence  of  sn  epidemic  without 

confirmatory  laboratory  findings  in  ------  j 

Total .  7 


*  One  of  these  patients  was  already  on  antlbiotica  at  tha  time  of 
culturing. 
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TABLE  2.  Clinical  tiuBtiy  caae a  of  oeningococca l  disease. 

Kaval  Training  Center,  San  Diego.  1963. 


j. —in itt 

No .  on  who® 

No. 

% 

i 

data  available 

positive 

positive 

■ 

Sicn#  and  ays® toss*: 

Temperature  >  101  F 

21 

19 

91 

Stiff  neck 

21 

15 

71 

Pet  ech iae 

21 

13 

62 

Headache 

: 

Abnormal  state  of 

21 

9 

43 

consciousness  (agitated. 

"de ler  ious”  ,  sent icoma cose)  j 

i 

21 

i 

6 

29 

Laboratory  findines: 

Peripheral  WBC  >  15, COO 

15 

12 

80 

CSF-WBC  >  1,500  and  j 

--  90X  polys 

8 

6 

1  75 

CSF-WBC  -  500 

CSf'-WBC  x  1,500, 

19 

n 

58 

differential  unknown 

! 

19 

1 

9 

47 

! 

i 

Miscellaneous; 

j 

History  of  sulfonamide 

prophylaxis  within 

i 

3  days  of  onset 

21 

0 

43 

Other  laboratory  findines: 

■ 

Mean 

Median 

Range 

CSF  sugar  (11  cases) 

69 

57 

10-171 

CSF  protein  (13  cases) 

- - - —  1 

140 

52 

25-244 

- - - - . .  ■■  ■ 

1 

Mortality:  1 

Total  Cases 

Deaths 

Case 

fatalicv 

Ratio 

! 

32 

3 

'  8.81 

.  >- ■»>  is5; 


swmlngococci  to  sulfonamides  would  ba  wore  favorable  Is  clinically  111 
patient*  than  in  carrier*.  In  view  af  a  case  fatality  rata  of  9%,  how¬ 
ever  ,  no  one  dare  assume  the  risk  of  administer  ing  sulfonamides  a  Ion* 

Hb#»  clinical  caaaa  wri  analysad  by  length  of  residence  at  the 
Havel  Training  Canter  (environmental  age),  the  finding*  ware  inter' 
eating.  There  wi  a  b  inode 1  distribution  of  caaea  (Table  3),  though 
the  majority  of  caaea  occurred  during  the  firat  4  weak*  of  training. 

The  experience  of  past  year*  haa  bean  for  cases  to  occur  at  an  early 
environmental  age;  with  the  uae  of  a  number  of  meea  prophylaxis  pro¬ 
gress,  however,  soma  recruits  destined  to  become  patients  had  a 
postponement  of  their  ilia**#  until  later  in  training. 


TABLE  3.  Cases  of  meningococcal  disease  by  environmental  age  at 
time  of  onset.  Havel  Training  Canter,  San  Diego .  1963. 


Meek  of  training 
at  time  of  onset 

Ho. 

of  cases 

X 

of  total 

Cumulative  Ho. 
of  caaaa 

Cumulative  X 
of  total 

1 

6 

17.6 

6 

17.6 

2 

6 

17.6 

12 

35.2 

3 

7 

20.6 

19 

55.8 

4 

8 

23.6 

27 

79.4 

5 

1 

2.9 

28 

82.3 

6 

5 

14.7 

33 

97.0 

7 

1 

2.9 

34 

100. 0 

8 

0 

0 

34 

100.0 

9 

0 

0 

34 

100.0 

Total 

34 

99.9 

34 

100.0 

Resuming  the  chronology  of  the  epidemic  once  more,  in  Bid -June 
the  drastic  step  of  stopping  the  flow  of  recruits  to  the  Heval  Training 
Center,  Sen  Diego,  for  e  period  of  approximately  S  weeks  was  ordered. 
This  waa  possible  because,  at  the  anticipated  rate  of  input  of  recruit* 
into  the  Navy  each  week,  they  could  we  assigned  to  the  Navel  Training 
Center,  Great  Lakes,  for  this  period  of  time  without  overtaxing  the 
letter's  capacity.  Those  of  you  with  military  experience  can  appre¬ 
ciate  the  magnitude  of  this  step  --  the  first  *uch  occasion  in  this 
generation  to  my  recollection.  The  logistics  involved  ear*  enormous. 
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All  recruiting  stst  coos  had  to  be  notified  of  the  shift  and  hod  to  prs- 
par a  themselves  for  a  M)ot  public  relatione  problaa.  Large  nw  of 
appropriated  food*  ware  ahlftad  fra*  on*  coaautnd  to  toother .  Politi¬ 
cians  and  their  constituents  required  uxplanat Iona .  Company  ca— tenders 
had  to  ba  sent  fro*  Sen  blsgo  to  firaat  Lakes,  a  a  tap  which  latar  proved 
except! onally  ill-advised. 

Fortunately,  the  affect  of  thia  seep  on  control  of  th*  epidemic 
waa  aa  predicted.  ho  caaaa  of  confirmed  meningococcal  disease  have 
baan  reported  ainc*  28  June.  After  3  week*,  Camp  N latte  waa  empty  and, 
at  tha  end  of  the  5th  weak,  the  recruit  population  had  fallen  to  the 
aaaelng  low  of  3,600  per* oca  This  dacieasa  In  recruit  population  *ada 

it  possible  to  decreaae  the  eite  of  each  recruit  company  and  increase 
the  living  apace  par  man  to  above  the  minimum  requirement  of  59  oq  ft 
par  man. 

Concomitantly,  a  program  to  reduce  frequency  of  contact#  between 
airly  recrul eg  and  more  advanced  recruits  or  permanent ly- bated  par- 
*cnnel  (among  whom  were  relatively  chronic  carriers)  waa  planned  and 
subsequently  effected.  the  major  feature  of  the  program  waa  the  re¬ 
quirement  of  wearing  blue  baseball  hat*  during  the  first  3  weeks  of 
recruit  training  and  to  warn  all  other  naval  personnel  (who  wore  the 
traditional  white  hat*)  to  avoid  contact  whenever  possible  with  persons 
In  the  baseball  caps. 

Having  reduced  the  carrier  ratio  by  these  mesne  to  an  acceptable 
normal  range  (by  the  end  of  August  1963,  the  prevalence  In  recruits 
was  IX  and  in  permanently-based  personnel,  5-8X)  end  with  It  stopped 
the  occurrence  of  ceaes  for  the  tis*  being.  A  proper  progress  of  pre-  5 

vent  Ion  of  infection  wes  theft  Instituted-  Normally,  between  2  and  5X 
of  the  newly  arriving  recruits  can  he  expected  to  carry  meningococci. 

This  range  1*  also  that  of  the  United  States  civilian  population  at 
the  present  time.  To  detect  sharp  and  potentially  dangerous  rises  in 
meningococcal  prevalence  tn  recruit*,  a  bi-weekly  cultural  durveil lance 
is  maintained,  using  randomly  selected  recruits  or  recruit  companies 
as  subjects  Because  chronic  carriers  are  known  to  exist  In  the  per¬ 
manently-based  personnel  (nd  because  it  Is  not  practical  to  eliminate 
this  endemic  focus  of  infection,  unless  there  is  threat  of  an  epidemic, 
surveillance  has  been  extended  to  this  group.  The  permanent ly-bssed 
personnel  ere  divided  Into  primary  contact  sources,  sdiich  have  fre¬ 
quent  access  to  recruits,  end  secondary  contact  sources,  which  have 
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leas  frequent  or  leu*  close-range  contact  with  recruits.  It#  first 
group  consists  of  auch  persona  a«  drill  coaasendera,  medical  cad  dsatai 
officer*,  public  health  sura#*,  bar  bar  a,  cooks,  ate,  It#  second  grow? 
comprises  chaplain#,  clothing  iaaua  and  supply  personnel,  Rad  Croaa 
worker e,  recruit  evaluation  paraonnal,  ate. 

A«  permanent  ly~baaedl  paraonnal  carrier*  ara  detected  by  sampling, 
they  ara  given  antibiotic  treatment.  If  thi*  fail#  to  clear  inf ac t lea , 
It  la  attempted  to  ehift  than  to  job#  on  the  beae  which  trill  not  in¬ 
volve  contact  with  the  racruit*. 

Whet  approach  will  be  neceaaery  for  control  of  potentially  dan¬ 
gerous  carrier  level*  will  be  determined  by  the  reaponae  of  the  pre¬ 
vailing  atraln  to  antibioeica.  To  date,  sulfonamide-sensitive  a train# 

•  till  doainate  the  meningococci  m  thia  country.  Whether  thia  fortui- 
toua  atate  la  which  sulfonamide*  can  be  uaad  auccaaafully  in  moat  out¬ 
break#  will  remain  for  long  cannot  be  gueaeed.  What  raw# in a  to  be  ac- 
coapliahed  ia  preparation,  in  the  fora  of  epidemiological  reaaarch ,  for 
environaMntal  control  of  future  outbreaka. 

DISCUSSION 

It  la  a  strange  thing  that  so  many  infection#  which  produce  no 
illneta  whatsoever  In  the  vest  majority  of  hosta  should  cause  reac¬ 
tions  with  such  serious  prognosis  When  they  do  in  feet  become  mani¬ 
fest.  In  this  epidemic .it  seems  Ironic  that  10,000  or  more  persona 
remain  perfectly  healthy  during  their  infection  with  meningococci  end 
yet,  in  91  of  the  clinical  ceaes,  death  should  result. 

It  should  he  apparent  to  everyone  that  the  epidemic  referred  to 
was  chat  of  subclinical  infections  in  the  carrier  group,  not  that  of 
the  unfortunate  by-product  of  clinical  cases.  For  this  reason,  the 
attack  of  medicine  on  the  disease  must  be  elated  primarily  at  the  car¬ 
rier  state  if  incidence  of  disease  la  to  be  reduced  - 

Physicians  enjoy  sumsing  up  such  behavior  as  due  to  differences 
in  infected  individuals,  difference*  in  virulence  of  the  organism, 
differences  in  host  responses  Co  the  organism,  and  various  combin¬ 
ations  of  these  factors.  Wh  Lie  this  comprehensive  statement  is  quite 
true,  it  is  quite  useless.  It  is  an  elegant  way  of  aaying,  "We  don't 
know  why  some  people  become  ill  and  why  some  remain  well  during 
infection." 


Much  attention  has  been  devoted  to  the  study  of  virulence  of 
respiratory  pathogen*  —  the  organism*  can  ha  removed  fra*  the  patient 
and  placed  on  the  laboratory  cable  for  critical  and  leaiurely  study. 
What  ha*  been  largely  ignored  U  the  natural  aita  of  initial  infection: 
the  epithelium  of  the  note  and  throat.  We  know,  from  Clover* a  elaaa- 
lcal  report  on  World  War  I  meningococcal  infections'^  that  the  carrier 
■  cate  may  exist  for  month#  or  yeara  In  peraona  with  anatomical  abnor¬ 
malities  in  the  nasopharynx,  moat  often  deviated  nasal  eetpe  and  hyper* 
trophic  turblnatea.  We  know  that  the  aeningococcu*  aettlea  on  columnar 
epithelium  rather  than  squamous  epithelium  such  a*  that  found  in  the 
mouth  proper.  In  thia  sense,  it  behavea  in  the  earn*  manner  aa  it* 
neiaaerial  brother,  the  gonococcus.  Doe  a  It  likewise  invade  the  sub- 
mucoaa  during  the  course  of  infection?  If  so,  do  the  factors  which 
determine  localisation  or  dissemination  of  the  infection  operate  at 
thia  level  of  the  mucoaa?  Is  drying  of  the  columnar  epithelium,  with 
resultant  loas  of  ciliary  action,  a  contributing  factor  in  determining 
disease  or  carrier  state?  What,  Indeed,  permits  the  fragile  meningo¬ 
coccus  to  alter  its  commensal  position  atop  the  mucoaa  and) occasionally 
seek  the  bloodstream  or  the  meninges? 

In  the  matter  of  virulence  of  the  organism,  we  may  aak  what  dif¬ 
ferences  there  are  between  the  saprophytes  of  the  Neisseria  such  as  N. 
catarrhalia  and  N.  flays  and  the  pathogens  £.  meningitidis  and  N.  gon¬ 
orrhoeas  ■  We  know  exceptionally  litti#  of  the  intermediary  metabolism 
of  this  group  of  organisms  and  because  of  this,  have  not  pursued  the 
development  of  egenta  for  poisoning  Neisserlal  enzyme  systems  or 
blocking  their  chemlcel  pathways  (though  we  may  assume  that  some  anti¬ 
biotic#  probably  act  in  thia  manner). 

The  importance  of  the  antigen-antibody  response  In  menicgococcel 
disease  is  just  being  realized.  Human  antibodies  against  the  meningo¬ 
coccus  have  been  known  for  about  50  yr  and  form  the  basis  for  dividing 
the  meningococci  into  groups  or  types.  We  can  detect  antibodies  In 
patient*  about  a  week  or  so  after  disease  is  apparent.  Antibodies  are 
also  detected  in  carriers  and,  at  San  Diego,  certain  companies  of  re¬ 
cruits  have  been  selected  at  random  for  baaelina  determination  of  an¬ 
tibody  level  and  weekly  titer  determination  during  their  entire  training 
period.  Unfortunately,  these  data  are  not  yet  ready  for  presentation. 

One  of  the  Intriguing  findings  of  chronic  act. ingococcemia,  re¬ 
ported  by  Benoit^  in  hi#  studies  at  the  U.S.  Naval  Hospital,  Oakland, 


California,  vas  the  complete  failure  of  the  aerua  co  agglutinate  organ¬ 
isms  cultured  from  the  ease  individual  with  e*ni.agr>c.>cc*sei*  He  tug- 
geared  a  hypothesis  of  bacteriocidal  and  bacteriostatic  antibody  re- 
eponaea  to  explain  variation#  in  the  awnifcatatlona  of  laaniAgococcal 
infection,  this  achetsa  certainly  deserve*  invest tgatlon . 

Moving  away  now  fruffi  the  question,  “Why  the  carrier  State  of 
meningococcal  infection?”  1  would  like  to  devote  the  remainder  of  My 
discussion  to  the  actual  apread  of  auch  infections  among  a  defined 
population. 

One  of  the  oldest  observation*  in  epidemiology  is  the  interplay 
between  those  infected  with  a  co«rami cable  disease  (cases) ,  those 
subject  to  attack  from  the  disease  (susceptible*),  and  those  who  have 
protection  against  the  disease  (immune*).  A  number  of  mathematical 
models  have  been  created  to  help  understand  this  interplay,  and  the 
solution*  to  the  auodels  may  be  calculated  directly  or  by  empirical  ob* 
eervetion  using  Monte  Carlo  Mthods.  A  solution  1*  moat  often  repre¬ 
sented  as  a  graphic  plot  of  number  of  case*  at  each  Interval  of  time 
elapsed  (generation),  in  most  models,  the  Infection  spreads  slowly  at 
first,  suddenly  explodes,  end  then,  at  the  ratio  of  iamunes  to  suscep¬ 
tible*  increases,  it  dies  rapidly.  In  e  closed  population,  where  no 
one  enters  the  population  and  no  one  leaven  except  by  death,  the  epi¬ 
demic  will  eventually  die  out  a*  susceptible*  are  exhaust'd  or  when 
contact  between  cases  and  sueceptlblas  is  *o  infrequent  that  it  does 
not  occur  during  the  period  of  communicability  of  the  disease. 

On  the  other  hand,  a  mathematical  epidemic  will  tend  to  perpetuate 
tteelf  If  new  susceptible*  ere  continuously  Introduced  Into  the  popula¬ 
tion.  Under  these  circumstances,  the  ratio  of  immune*  to  susceptible* 
remain*  reasonsbly  constant  and  the  frequency  of  contact  between  cases 
and  susceptible*  resMins  suitably  hfgh-  Whether  the  disease  will  In¬ 
crease  to  epidemic  proportions  or  will  remain  at  low  endeaicity  will 
depend  on  a  number  of  peraamter*  In  the  model,  eepacially  the  propor¬ 
tions  of  cases  and  eueceptiblaa  in  the  population,  the  frequency  of 
case-suscepttble  contacts,  and  the  success  of  transmission  of  the  or¬ 
ganism  from  case  to  susceptible  during  the  contact  period. 

If  wa  now  attempt  to  relate  our  real  epidemic  at  San  Diego  co  our 
artthamstlcal  model,  it  1*  found  that  the  following  similarities  exist: 

A.  Infectious  cases  are  present  in  the  form  of  acute  and  chronic 
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carriers  'i  mfmnj.ic  u  1 


B.  Immune*  are  found  in  permanent  ly-based  *r.<5  advanced  recruit 
populat ions . 

C.  Susceptible*  are  c  >nt inuouaiy  added  to  the  population.  Each 
week  new  recruits  arrive,  most  of  whoa  are  susceptible  to  the  nctenlngo- 
coccus. 

D-  Frequent  contact  occurs  between  carrier  case*,  susceptible* 
and  irunune  personnel. 

E.  A  nearly  constant  ratio  exists  between  immunes  and  suacepti* 
bles.  lire  ratio  in  permanently-baaed  personnel  is  probably  constant 
throughout  the  years.  In  the  recruit  population,  recruit  immune* 
graduate  each  week  and  are  replaced  by  roughly  an  equal  number  of 
susceptible  new  recruits 

We  do  not  have  Information  at  hand  concerning  the  success  of 
transfer  of  the  organisms  State  person  to  person.  It  is  a  reasonable 
assumption  that  If  transfer  is  relatively  unsuccessful,  prevalence 
of  infection  will  be  iow  and  that  if  transfer  is  usually  successful, 
prevalence  will  be  high. 

If  one  looks  for  a  convenient  model  for  che  study  of  speed  of 
spread  of  infections,  one  comes  upon  a  most  interesting  analogue  which 
behaves  with  mathematical  niceness.  That  is  the  phen  menon  of  nuclear 
fission  in  heavy  elements.  Consider  a  aubcritlcal  ntsss  of  uranium  . 
Thermal  neutrons  collide  with  atomic  nuclei  and  occasionally  cause  nu¬ 
clear  fission.  Just  as  our  case-susceptible  collisions  occasionally 
cause  infection  or  clinical  disease .  At  critical  mass  is  approached, 
fissions  occur  at  a  more  rapid  rate  and  finally,  as  critical  matt  la 
reached,  fissions  occur  wK..  *  !  '»  ,«  frequency. 

In  our  epidemic,  If  we  consider  population  density  as  mass,  we 
note  that  infections  occur  more  frequently  as  population  density 
increases  and,  for  each  strain  of  organisms  and  each  set  of  environ¬ 
mental  and  host  conditions,  infection  spreads  with  violent  repidity 
es  the  critical  population  density  it  reached. 

Glover'  in  his  Uorld  War  I  studies,  was  so  impressed  with  the 
relationship  between  population  density  and  pravalance  of  infections 
that  he  defined  the  ’’critical  mass”  for  his  populations.  He  stated 
that  when  the  prevalence  of  carriers  was  2%  of  the  population,  a 
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further,  rapid,  and  dangerous  rise  in  prevalence  would  occur  and  that 
clinical  ease*  of  mer. ingotocca!  disease  would  appear.  He  vaa  able 
to  docussent  this  phenomenon  in  his  groups  and  was  able  to  predict 
rather  accurately  the  occurrence  of  cases  m  other  confined  groups 
by  following  the  rise  of  carrier  ratios.  Since  then,  other  workers 
i^'^have  shown  that  high  casrier  prevalence  snay  not  re<-,lt  in  the  oc¬ 
currence  of  cases  and  that  a  quantitative  and  fixed  ratio  of  carriers 
in  a  population  to  cases  cosy  not  exist.  It  is  not  unlikely  that  the 
rise  from  a  normal  prevalence  of  52  to  one  of  60%  (usually  dangerous 
in  our  experience)  occurs  ao  rapidly  that  any  measurement  of  prevalence 
taken  during  this  period  of  rapid  spread  is  subject  to  an  enormous 
range  of  measurement  error. 

Ail  workers  agree  that  high  population  density  --  overcrowding, 
in  plainer  language  --  is  an  important  determinant  in  c,.e  spread  of 
meningococcal  infection*.  Again  among  English  troop*  in  the  First 
World  War,  it  wa*  possible  to  show  the  relationship  between  prevalence 
of  infection  ar.d  distance  between  beds  in  barracks.  When  the  beds  were 
2  or  more  ft  apart,  prevalence  of  inaction*  remained  about  5%;  if  the 
distance  was  reduced  to  1  ft,  9  inches,  prevalence  increased  to  approst- 
imately  10%;  when  distance  was  further  reduced  to  2  ft,  6  inches,  prev¬ 
alence  jumped  to  30%.  Conversely,  in  barracks  having  an  initially  high 
prevalence  because  of  overcrowded  conditions  and  ocher  factors,  preva¬ 
lence  could  be  reduced  substantially  by  spreading  bed*  to  the  required 
2  ft  interbed  distance. 

We  did  not  perform  such  beautifully  quantitative  studies  at  San 
Diego,  but  all  our  evidence  it  in  agreement  with  the  above  observa¬ 
tions.  The  barracks  were  overcrowded.  Buildings  at  San  Diego  have 
accreted  during  three  wars  and  some  have  become  ao  aged  that  they  can¬ 
not  be  used.  To  maintain  the  size  of  today's  Navy,  the  Nave,’  Tr«inf-'i 
«au*c  process  »o  meny  recruits  each  year  and  each  recruit  must 
receive  a  certain  minimum  number  of  weeks  of  training.  These  require¬ 
ments  generally  fix  the  lower  limit  of  the  recruit  population  at  San 
Diego  and  necessitate  crowding  of  barrack*  beyond  the  standards  recom¬ 
mended  by  the  Medical  Department  of  the  Navy.  With  only  25  ft  of 
berthing  space  per  man,  I  can  assure  you  thst  men  are  overcrowded. 

What  would  have  occurred  at  the  Naval  Training  Centar,  San  Diego, 
if  eech  recruit  had  had  50  sq  ft  of  living  apace?  Possibly  no  epi¬ 
demic,  though  sporadic  cate*  would  have  occurred.  This  is  not  an 
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tsafoufidad  speculation  Adjacent  to  the  Navel  Training  tenter,  and 
Separated  fro®  it  only  by  a  ch*ln-ancrior  fence  is  the  Marine  Corps  Re¬ 
cruit  Depot,  which  perforate  approximately  the  sacs?  functions  at  the 
Training  Canter  in  the  Navy.  The  p^pu^ation  of  the  Mai  in*  Corps  Re¬ 
cruit  Depot  is  normally  eatswhst  smaller  than  at  tii a  T  ainmg  Center  , 
though  it  is  atill  numbered  in  the  thousands  c {  recruits. 

During  the  period  in  which  34  cases  occurred  in  naval  recruits, 
only  four  confirmed  or  suspected  eases  occurred  among  this  group  of 
Marine  recruits.  Differences  in  fatigue  between  the  two  populations 
cannot  account  for  difference  in  disease  Incidence,  for  if  anything, 
the  Marine  recruits  work  har  ei  during  training  than  Maw  recruits- 
Tb.e  major  ■"iff*  em.es  between  the  two  populations  wnich  are  signifi¬ 
cant  were  (J)  the  individual  Marine  recruit  platoon  of  about  60  men 
is  completely  i  s-c- 1  at  e--1-  (2)  -il„  '  np  platoon 

is  quartered  in  smaller  barracks  (not  four  to  a  building  as  with  Naval 
recruit  companies),  and  (2)  each  sleeping  unit  occupies  approximately 
SO  sq  ft.  Significant  also  is  the  average  prevalence  of  meningococcal 
infections  in  Marine  recruits  of  1-5?,  at  a  time  when  prevalence  among 
Navy  recruits  was  about  50?,. 

Anoth.  -iece  f  evidence  to  illustrate  the  influence  of  over¬ 
crowding  on  spread  of  infection  resulted  from  the  decision  to  divert 
"tv  "-ter, .its  from  San  Diego  to  the  Naval  Training  Center,  Great  Lakes, 
for  a  5-week  period.  This  latter  Center  had  had  an  outbreak  of  eight 
cases  of  meningococcal  disease  during  March  1963,  but  had  controlled 
further  spread  by  administration  of  mass  sulfadiazine  prophylaxis. 
Sulfadiazine  was  also  given  all  new  arrivals  for  a  2-day  period  Lo 
prevent  re-introduction  of  meningococci  into  the  Center.  Following 
this,  cultures  taken  at  intervals  ori  small  samples  of  recruits  indi¬ 
cated  a  normal  or  slightly  below  normal  prevalence  of  carriers. 

As  the  recruit  population  at  San  Diego  decreased  to  its  low  of 
3,f00,  that  r£  Crta.  Labes  .inc-asscd  to  over  1S.C0C  well  above  the 
usual  population  of  the  base.  This  rise  in  population  density  was  ex¬ 
pected,  but  because  of  the  low  prevalence  of  meningococcal  carriers, 
the  associate  risk  of  a  meningococcal  outbreak  was  considered  low. 

When  it  was  decided  to  transfer  80  recruit  company  comnanders  from  San 
Diego  to  Great,  Lakes  because  of  the  swollen  recruit  population,  great 
care  was  take:  '  sterilize  them  with  respect  to  sulfonamide-resistant 
meningococci  or,  if  ti, ,  5  could  not  be  done,  to  keep  them  from  recruits 
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until  their  infection*  cleared  What  was  not  realised  at  the  tie*  wax 
that  th*  San  Diego  tul fonam  ldt-r*s latent  ***raU.  Wa»  already  present  *i 
S feet  Lakes,  esionx  rscrwlf  graduate*  of  Sin  Diego  i^io  had  been  trans¬ 
ferred  to  Great  Lakes  far  advanced  trsinlne  or  fat  permanent  duty. 

Hear  the  end  of  July  1*963,  when  the  atoreior  turn  at  S*a  Bisgo  had 
nearly  ended,  it  we*  reported  that  *01  of  a  anal l  sample  of  Great  Lake* 
recruita  had  poaitive  culture*  for  meningococci;  stoat  of  the  isolates 
were  auifonaeide-reaiatant .  Within  2  week*,  nearly  a  dozen  suspected 
cates  of  meningococcal  dlaease  were  reported,  of  whom  afcout  half  were 
aubeequentiy  confirmed,  Jhii  time,  we  did  not  d«p#«d  on  antibiotic 
prophylaxis  for  control.  Instead,  the  recruit  population  vaa  rapidly 
reduced  by  early  graduation  of  several  thousand  recruits  and  by  di¬ 
verting  some,  but  not  all,  scheduled  arrival#  to  San  Diego.  Mo  addi¬ 
tional  case*  have  been  reported  for  the  paat  month  from  either  Training 
Center.  After  the  experience  earlier  in  the  year,  1  as  too  cautious  to 
state  that  the  danger  of  e  large  epidemic  has  passed. 

While  I  lack  specific  experimental  data  to  confirm  it,  I  believe 
that  the  explanation  of  the  effect  of  overcrowding  on  thla  infaction 
la  not  difficult.  Because  the  meningococcus  fa  spread  through  drop¬ 
lets  sprayed  from  the  nose  and  mouth  (we  can  ignore  direct  contact 
spread  as  being  minor  under  most  conditions)  and  because  the  meningo- 
coccua  la  exquisitely  aenaitlvs  to  drying  and  changes  In  temperature, 
the  Infectious  aerosol  auet  be  inhaled  at  relatively  short  range  and 
in  a  relatively  short  tin*  after  generation  if  infection  la  to  occur. 
People  oust  be  crowded  end  must  have  frequent  close  contact  with  one 
another  for  these  condition*  to  exist.  When  crowding  occurs  to  sleeping 
quarters  conditions  for  euccaeeful  aerosol  infection  are  even  mo** 
favorable,  because  ventilation  may  be  minimal  and  because  most  people 
sleep  with  their  mouth*  open  thus  by-paaeing  the  filtering  mechanism 
of  the  nose. 

here  is  an  excellent  model  for  worker*  in  experimental  aerosol 
Infections.  The  spsce  and  time  ralationehipa  mentioned  above  have 
not  been  observed  yet  under  rigidly  controlled  conditions.  Decay 
curvet  for  neisseria?  aerosols  have  not  bean  computed.  The  range  and 
maximum  effective  site  uf  aetoaoi  droplets  have  not  bean  determined. 

The  minimal  infectious  dose  of  meningococci  is  unknown. 

Since  it  will  be  necessary  to  use  human  volunteers  in  these 
studies  evantually,  the  microbiologists  can  contribute  to  thle  work 
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by  developing  an  attenuated  and  eoc*f»S*t*!y  nunpsthogen fc  strain  of 
ssen  i  ssgoc  ok  c  i  fpj  use  In  a*ra*oi*.  Perhaps  *  saprophytic  gajjjyar Sjt 
spades  rare  st  si  tan  to  the  human  throat  Bight  be  substituted  for  th# 
t  its*  be  Ing  . 

1  hope  that  the  headaches  suffered  by  all  of  ua  that  hav*  been 
involved  ift  chi#  epidemic  will  have  been  wortht^iile  by  desionstreting 
the  value  and  urgent  need  for  general  experimentation  on  meningococcal 
infection* . 

In  closing,  r  would  like  to  sckfi&wiedge  those  who  did  all  the  work 
U,S.  Navy  Preventive  Medicine  Unit  Humber  Five,  San  Diego;  U.S.  Navel 
Medical  Research  Unit  Number  Four,  Great  take#;  U.S.  Naval  Hospital, 
San  Diego;  the  Commend  end  Medical  staff  of  the  haver  Training  Center, 
San  Diego;  the  Coamunicable  Disease  Center.  U.S.  Public  Health  Ser¬ 
vice,  Atlanta,  Georgia,  end  Dr.  Harry  A.  Feldman,  Upstate  Medical  Cen¬ 
ter,  Syracuse,  New  York.  For  those  who  may  be  interested  in  the  labor¬ 
atory  methods  used  by  them  in  their  study,  1  have  added  an  appendix  to 
the  manuscript  submitted  today. 

APPENDIX 

LABORATORY  METHODS 

Pharyngeal  cultures  were  obtained  using  sterile  cotton  swabs  on 
straight  wooden  applicator  sticks.  These  were  then  streaked  immedi¬ 
ately  on  either  chocolate  agar  or  Mueiler-Hinton  agar  plates.  Neither 
para-aminobentoic  acid  or  penicillinase  were  routinely  added  to  cul¬ 
ture-media.  The  plates  were  then  incubated  in  a  candle  Jar  for  24  hr 
at  3?  C.  Suspicious  colonies  (usually  three  to  four  per  plate)  wer# 
then  picked  and  subciltured-  Isolates  were  then  identified  and  grouped 
by  slide  agglutinarion  teat,  employing  group  specific  rabbit  antiaerum 
provided  by  "  wsra.  -i.ab'e  b,»ease  Center,  U.S.  Public  Health  Service 
Fermentation  tests  were  not  performed  in  routine  identification,  but 
were  done  as  a  check  from  time  to  time;  such  testa  confirmed  the  iden¬ 
tification  of  N.  meningitidis  in  all  eases,  iftiile  some  criticism  of 
this  method  may  be  deserved,  it  should  be  tealised  that  three  trained 
laboratory  technicians  handled  over  tt.OOO  apecimens  during  the  3-month 
period  of  intensive  study  and  could  not  handle  the  additional  burden 
of  routine  carbohydrate  fermentation  teats 

Studies  of  in  vitro  drug  sensitivity  were  performed  by  a  plate 
dilution  method  in  which  Mueller-Hlnton  agar  was  used  to  minimise  the 
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effect  jf  sul  fcB.assid#  inhibitor  S*ri*;  dilution*  of  the  test  drug 
were  prepared  and  Bisect  wl f n  the  nediu®  before  ge 2  atece  occurred 
Final  teneentrec  ion  was  expressed  a#  »iliigr*s*  or  unit*  ef  drug  per 
unit  volume  of  aedius.  Piece*  were  Inoculated  fey  streaking  out  * 
ain»i«  luopfui  uf  tut,  it  urn  fra®  a  translucent  cut;  L  tat  birth 

tuifianilon  of  the  organ  less  the  complete  inhibitory  concentration 
(CIC)  vat  defined  a*  that  concentration  of  drug  which  completely  in¬ 
hibited  growth  after  intubation  for  24  hr.  Although  no  attempt  mi 
aiade  to  quantitate  the  alee  of  inoculum  to  *  finer  degree,  the  iden¬ 
tical  technique  was  employed  in  processing  multiple  spec inane  fro®  the 
Naval  Training  Centers  at  San  Diego,  California  and  Great  Lakes. 
Illinois;  the  result*  obtained  were  consistent  within  each  recruit 
population  and  demonstrated  a  marked  difference  in  sulfadiazine  sensi¬ 
tivity  between  the  two  populations  Representative  isolates  of  meningo¬ 
cocci  were  sent  to  four  additional  laboratories  in  other  parts  of  the 
United  State*,  results  from  these  laboratories  were  in  agreement  with 
the  complete  Inhibitory  concentrat Iona  obtained  locally  In  San  Biego. 

Blood  st  ’fonaside  levels  were  determined  by  the  method  of  Bratton 
and  Marshall,  corrected  for  sulfadiazine. 
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PATTERNS  OF  ADENOVIRUS  INFECTIONS 
}N  MARINE  CORPS  PERSONNEL* 
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B.  E .  Forsyth  and  R .  H.  Charlock 

Laboratory  of  Infectious  Diseases,  HIAID, 
National  Institutes  of  Health,  Bethesda,  Maryland 


During  continuous  surveillance  of  respiratory  disease  in  Marine 
Corps  personnel,  a  pattern  of  adenovirus  infection  and  associated  ill¬ 
ness  emerged  vdsieh  was  significantly  different  from  that  which  has 
been  reported  for  other  military  populations.  In  previous  studies 
adenovirus  infection  in  the  military  was  found  to  be  an  important 

cause  of  respiratory  diseaae  throughout  the  year  with  peaks  of  activ- 

f  1  2  31 

ity  occurring  during  the  fall  and  winter  months' 

During  a  4-yr  period,  four  yearly,  sharply  demarcated,  winter 
epidemics  were  observed  In  advanced  Marine  ceeruit  trainees  end 
"seasoned”  personnel.  Adenovirus  infection  occurred  infrequently  or 
not  et  ell  during  the  6  month  interepidemie  period#.  Significantly 
lower  Infection  rate*  were  observed  for  recruits  during  their  first  11 
weeks  of  training  at  Parria  Island,  S.  C,  than  during  subsequent  sd- 
venced  recruit  trelning  at  Camp  Lejeune ,  N .  C.  The  almost  compiate 
absence  of  adenovirus  infections  during  the  Interepidemie  periods  pre¬ 
sented  en  unusual  opportunity  to  investigate  tha  possible  mechanism 
responsible  for  the  initiation  and  cessation  of  tha  outbreaks. 

Location  and  Composition  of  tha  Study  Population 

The  Marine  Corps  Recruit  Depot,  Parria  Island,  S.  C.  (PI)  has 
(4) 

been  previously  described  .  Several  major  dif ferencee  exist  between 
the  training  program  at  PI  and  other  Army  and  Navy  recruit  canters. 

*  Based  on  a  paper  to  be  published  in  the  Am.  J.  Hyg-,  1964. 
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Marine  recruit  training,  which  lasts  11-12  weeks,  Is  3-4  weeks  longer 
In  duration  than  that  of  Arms  and  Navy  recruit*-  In  addition,  Marine 
recruits  are  effectively  isolated  from  the  non-recruit  military  and 
civilian  communities.  The  training  program  also  greatly  restrict*  con¬ 
tact  between  the  various  recruit  platoon*  (? 5-man  training  units). 

Camp  Lejeune,  N.C,  is  a  large  Marine  Corps  base  with  a  military 

population  approaching  30,000.  lire  component  organizations  and  their 

(3  6  ? 

major  functions  have  been  previously  described  *  ’  '.  The  Infantry 
Training  Regiment  f ITS)  is  part  of  this  complex  and  merits  special  at¬ 
tention.  After  the  completion  of  f’l  training,  and  without  any  leave 
period,  the  men  sie  sent  directly  to  ITR  where  they  remain  for  30  days 
and  receive  an  intensive  course  in  infantry  tactics.  The  number  of 
sen  in  training  varies  greatly  from  just  over  1000  to  more  than  5000. 
Ihe  normal  Marine  Corps  enlistment  pattern  results  in  the  population 
at  PI  reaching  its  highest  levels  in  the  early  fall  which  subsequently 
leads  to  maximum  troop  strength  at  ITR  in  December- January . 

"Seasoned"  personnel  were  selected  for  study  from  Marines  of 
Force  Troops  (FT),  Fleet  Karine  Force,  Atlantic,  which  is  located  at 
Camp  bejeune,  N.  C.  Ihis  organization  is  composed  of  approx imateiy 
5000  members  divided  into  seven  units.  The  FT  environment,  although 
military,  is  quite  different  frco  that  of  ITS.  FT  personnel  represent 
a  more  dispersed  population.  Each  unit  ha*  its  c-vn  housing,  messing 
and  medical  facilities.  Their  military  job  specialities  also  .end  to 
aid  in  reducing  constant  close  association*  between  individuals  of 
different  units . 


Ihe  methods  used  in  the  selection  of  patients,  collection  of 
specimens  and  subsequent  laboratory  procedures  have  been  previously 
described(S,6'8> . 


Respiratory  Disease  Morbidity  at  Camp  Leleune  and  Perris  Islsnd 

Distinct  waves  of  respiratory  illness  were  observed  at  Camp 
Lejeune  during  a  42-month  period  (November  1959-April  1963) .  A  com¬ 
parison  of  the  total  respiratory  illneas  rates  per  1000  men  per  month 
among  recruits  at  FI,  advanced  trainees  sc  ITS  and  permanent  personnel 
at  FT  revealed  that  the  "eeesoned"  personnel  experienced  relatively 
low  rospiratory  illness  attack  rates  throughout  most  of  the  year  (10- 
375)  .  The  recruits  at  FI  experienced  considerably  less  respiratory 
illness  during  their  11-12  weeks  of  training  (50-375)  than  was 
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observed  among  the  same  men  during  a  subsequent  30-disy  Interval  at  ITl( 
(120-1200).  Although  the  msgn'fude  -f  the  retes  differed  among  the 
three  groups,  similarltier  wtf  observed  ir.  the  temporal  relationship 
of  peak  periods  of  reported  illness.  14  was  of  interest  that  the  ad- 
vanned  recruits  at  ITB  experienced  a  sharp  outbreak  of  respiratory 
disease  each  winter,  starring  in  January  and  lasting  through  March  or 
April.  Febrile  illness  rate*  {100  F  or  greeter  orally)  correlated 
well  with  the  high  January-Apt il  incidence  of  illness  at  ITS. 

In  an  attempt  to  define  factor*  that  might  be  related  to  the 
sharply  limited  yearly  epidemic  of  adenovirus  at  ITS,  continuous  in¬ 
door  and  outdoor  temperature  and  humidity  recordings  were  obtained  be- 
ginning  in  August  1961-  A  suggestive  correlation  between  low  indoor 
humidity  and  high  adenovirus  illness  rates  was  noted. 

Epidemiology  of  Adenovirus  Infection  at  Letup  Leieune 

Adenovirus  type*  4  and  7  were  recovered  predominantly  during  the 
January-.June  periods  of  1960,  1961,  1962  and  1963.  With  the  exception 
of  25  strains  of  adenovirus  type  7  recovered  in  i960,  five  strains  in 
1961  and  two  strains  in  1963,  type  4  was  the  predominant  serotype  re¬ 
covered  during  the  epidemic  periods  (1172  strains  recovered).  Adeno¬ 
virus  activity  was  not  exclusively  limited  to  the  epidemic  periods. 
For  instance,  nine  strains  of  adenovirus  type  4  were  recovered  in  the 
July*Decen>b«r  periods  of  1960-1962.  The  rate  of  isolation  of  adeno¬ 
virus  from  the  ITS  group  was  always  higher  than  from  ft  personnel. 

The  isolation  rate  of  adenovirus  from  patients  with  respiratory 
Illness  was  always  significantly  higher  than  from  a  group  of  patiants 
with  non-reapiratory  complaints. 

In  other  military  studies,  seasoned  personnel  have  hed  low  adeno- 
(9) 

virus  infection  rates  In  contrast,  the  FT  personnal  with  respira¬ 

tory  illness  studied  at  Camp  Lajsune  had  a  relatively  high  incidence 
of  adenovirus  infection.  In  view  cf  this  finding  and  the  pattern  of 
sharply  circumscribed  yearly  adenovirus  epidemics  at  IIS,  it  was  of 
interest  to  determine  whether  length  of  service  in  the  Marina  Corps 
correlated  with  adenovirus  infection  in  F?  personnel.  Time  of  entry 
into  the  Marins  Corps  was  used  as  a  basis  for  this  comparison  and  a 
significant  aasociatlo-  existed  between  entry  into  service  during  an 
ip.tarep Idemlc  period  end  subsequent  susceptibility  co  adenovirus  in¬ 
fection  during  the  following  year's  epidemic.  Thus,  recruits  who 
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trained  during  art  interep idesile  period  were  at  high  risk  with  regard 
to  sdeneviru*  infeet  ton  during  the  subsequent  epidemic. 

Epidemiology  of  Adenovirus  Infect  ion  at  i’art  is  Island 

Previous  studies  of  primary  atypical  pneumonia  among  recruits  at 
PI  revealed  that  adenovirus  activity  was  at  a  low  level  during  many 
months  of  the  In  order  to  more  fully  understand  the  epi¬ 

demics  si  ITS,  obsi-rvs  t  ions  arm  sampling  ware  conducted  at  both  ITR 
and  PI  Eiraultaneou'ily  .  Surveillance  vPs  carried  out  at  PI  during  the 
winter  respiratory  disease  seasons  of  I960,  1961  i962  and  1963. 

Adenovirus  infection  was  associated  with  a  significant  proportion 
of  that  febrile  respiratory  disease  and  pneumonia  that  occurred  at  PI 
during  the  late  winter  and  spring  of  1960  and  1962.  Since  the  inci¬ 
dence  of  febrile  respiratory  disease  at  PI  remained  low  throughout  the 
year,  the  total  amount  of  arienovuus-associated  illness  remained  low 
throughout  the  year.  Epidemics  of  adenovirus  illness  of  the  type  seen 
at  ITR  were  not  observed  at  PI.  Recruits  in  all  weeks  of  training 
were  affected  with  no  individual  training  unit  (75-man  platoon)  exper¬ 
iencing  a  disproportionate  amount  of  adenovirus  infection. 

Adenovirus  infection,  as  evidenced  by  virus  isolation  or  antibody 
rise,  was  rarely  detected  in  the  July-December  sampling  periods.  These 
findings  were  consistent  with  those  observed  at  ITR. 

Clinical  Features 

Forsyth^4'*  recently  compared  the  symptoms  reported  both  by  ITR 
patients  from  whom  adenovirus,  rhinovirus,  or  Coxaekie  A-21  virus  was 
isolated  and  a  matched  group  of  men  from  whom  no  agent  was  recovered. 
These  results  indicated  that  adenovirus  was  associated  with  a  more 
severe  respiratory  illness  than  usually  reported  by  patients  either 
infected  with  rh inoviruses ,  Coxaekie  A-21  virus,  or  who  were  virua 
negative  The  character  of  the  adenovirua  lllneas  pattern#  observed 
at  Camp  Lejeune  were  similar  to  thoae  reported  in  other  military  pop¬ 
ulations.  Respiratory  symptoms  vert  reported  more  often  chan  were 
those  of  a  systemic  or  gastrointestinal  nature. 

Of  1,200  ITR  Marines  with  respiratory  diaaaae  In  the  January- 
April  1962  outbreak,  X-Ray  examination  revealed  infiltrates  in  approx¬ 
imately  10%  of  the  group.  A  comprehena ive  laboratory  study  of  40 

cases  of  pneumonia  with  matched  upper  respiratory  and  non-respiratory 

f  12) 

control  patients  will  be  presented  separately 


50 


Other  Agents 


Other  respiratory  viruses  and  Mi croeoectis  gneuagniae  were  isolated 
during  the  periods  of  adenovirus  prevalence.  Except  in  1961,  rhino- 
viruses  were  usually  isolated  during  the  early  and  late  stage*  of  the 
outbreaks  but  not  during  the  height  of  the  outbreak.  the  other  agent* 
were  isolated  sporadically  at  a  low  level  throughout  the  entire  course 
of  the  "pidemic.  In  1961  respiratory  syncytial  virus  and  rhino-viruses 

appeared  to  be  responsible  for  as  much  afebrile  respiratory  illness  as 

,  (8,13) 

adenovirus 

The  pattern  of  adenovirus  'infection  observed  in  Marine  Corps  per¬ 
sonnel  in  this  study  was  substantially  different  from  that  previously 
reported  for  other  military  popula  t  ions  ^  .  In  Army  and  Navy 

training  centers,  adenovirus  infection  was  found  to  occur  predominantly 

(<j  14  15) 

during  the  first  6  weeks  of  recruit  training'  *  1  .  Adenovirus 

disease  occurred  in  these  populations  throughout  the  year  with  seasonal 
increases  during  the  fall  or  winter  months.  This  pattern  was  thought 
to  be  characteristic  of  military  adenovirus  infection*.  However,  the 
present  study  revealed  at  least  three  other  patterns  of  adenovirus  dis¬ 
ease  in  military  personnel.  The  level  of  adenoviruses  were  present 
and  responsible  for  a  considerable  proportion  of  those  respiratory  ill¬ 
nesses  which  occurred  during  the  winter  months.  The  same  men,  as  ad¬ 
vanced  recruits  at  ITR,  Camp  Lejeune,  exhibited  a  different  pattern; 
men  in  this  population  were  subject  to  excensive  sharp  seasonal  epi¬ 
demics  of  adenovirus  respiratory  illness  and  were  relatively  free  of 
the  disease  during  the  remaining  months  of  the  year.  A  third  pattern 
was  exhibited  by  seasoned  Marine  personnel  who  were  susceptible  to 
adenovirus  infection  and  illness  during  the  yearly  epidemic  if  they 
had  undergone  recruit  training  in  the  past  year  during  an  interepidemic 
per i od . 

it  is  of  interest  to  speculate  as  to  the  reasons  for  these  dif¬ 
ferent  patterns  of  adenovirus  disease  There  were  major  differences 
in  training  and  housing  among  these  groups.  At  PI  men  in  one  recruit 
platoon  had  relatively  little  ^iose  contact  with  men  in  other  platoons 
and  the  recruits  were  not  allowed  any  time  away  from  their  platoons 
during  their  entire  stay  at  PI.  The  training  platoon  represented  the 
ep idem  in . jgic  unit  in  this  population.  The  observation  that  adenovirus 
infection  did  not  spread  rapidly  within  this  group  suggest  that  adeno¬ 
virus  requires  a  population  larger  than  73  mer.  to  generate  a  rapidly 


spreading  extensive  epidemic. 

The  isethods  of  housing,  messing  and  training  at  ITR  were  sore 
like  those  of  the  Army  and  Savv  recruit  renters  where  there  is  * 
higher  rate  of  adenovirus  Infection  than  at  PI.  At  ITR  thr  training 
unit  was  240  sen  and  the  rra‘«tee  had  freedom  of  movement  in  off-duty 
hours;  i,«,,  asovies,  post  exchange,  arid  recreation  centers.  However, 
since  the  methods  of  training  remained  constant  throughout  the  year, 
factor*  other  than  training  conditions  must  be  responsible  tor  the 
sharp  seasonal  extensive  epidemics  of  adenovirus  infection. 

The  FT  pnfsr.rmei  had  ail  the  privileges  of  permanent  t,.  oops. 
Many  of  these  tsen  vert  married  and  lived  out  of  the  barracks  in  the 
community.  They  mixed  freely  during  the  “'"'Ire  day  and  cj»t  it;  -on- 
tact  with  other  groups  during  routine  leave  and  liberty. 

In  addition  to  differences  in  training,  Pi  is  also  in  »  different 
geographical  location  from  ITS.  PI  is  JCO  or, lies  south  of  Camp  hejeune. 
At  the  present  time  it  Is  not  possible  to  evaluate  the  contribution 
of  different  climates  to  the  different  patterns  observed  at  PI  and 
ITR.  It  is  of  interest,  however,  that  the  Fort  Bragg  respiratory 
disease  experience  reported  by  the  Consul'  on  of  Acute  Respiratory 
Disease  was  mania-  to  that  found  at  '  .  Fort  Bragg  is  75  miles 

west  of  Camp  Lejeutie  and  has  «  similar  climate.  Whether  the  apparent 
similarities  in  the  epidemiology  of  adenovirus  infection  in  the  two 
populations  can  be  attributed  to  the  same  geographical  and  climato¬ 
logies!  conditions  cannot  be  answered  at  the  present  time. 

file  reasons  for  the  seasonal  epidemics  cf  adenovirus  illness  at 
ITS  merit  special  consideration.  ihe  inability  to  detect  adenovirus 
type  4  in  our  population  during  most  of  the  Ju !y - December  periods  may 
merely  reflect  inadequate  sampling  during  periods  of  low-level  virus 
activity.  This  was  the  case  in  the  faii  of  i960  during  an  outbreak  of 
Coxsackie  A-21  virus  when  the  number  of  patients  sam;  led  was  increased 
above  the  normal  rate^"'^  ,  During  this  time  period  eight  strains  of 
adenovirus  type  ->  virus  were  recovered.  Again  in  the  Kali  of  1961  .tie 
strain  was  recovered  during  a  period  of  increased  sampling.  Therefore, 
it  seems  pr.  habit-  that  adenovirus  type  -*  was  present  in  the  camp  at  a 
io  level  during  the  entire  year  and  that  some  as  vet  undetermined  en- 
V i roraw n t a  1  factor  was  responsible  for  epidemic  occurrence  of  infection 
and  illness  during  the  January -Apr i 1  period. 
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Since  adenovirus  Infection  was  not  extensive  at  PI,  it  is  un¬ 
likely  that  an  exhaustion  of  suaeept i hies  at  this  base  was  responsible 
for  the  termination  of  the  lutbrsak  at  Lassp  Lejeune,  Itie  results  ob¬ 
tained  In  longitudinal  company  studies  in  1962  are  consistent  with  this 
hypothesis  since  the  proportion  of  susceptible  individuals  who  en¬ 
tered  advanced  training  at  Camp  Le  jeune  remained  enrstSnt  throughout 

( 1  ? ) 

the  epidemic  and  during  its  termination 

It  vis  observed  that  the  indoor  relative  humidity  (RH)  decreases; 

markedly  approximately  1  month  prior  to  the  onset  of  the  epidemics  in 

1962  and  1963.  A  forced  dry  air  heating  system  was  used  In  the  1TR 

barracks  and  the  difference  between  the  RH  outdoors  and  indoors  was 

most  apparent  when  the  barracks  were  heated  (November -April) .  It  is 

possible  that  the  lowered  indoor  RH  may  have  played  a  role  in  facill- 

(18) 

fating  virus  spread.  Mewses  ft  al.  ’  have  suggested  that  the  indoor 

RH  may  be  of  importance  in  the  usual  winter  occurrence  of  Infiuenaa 
virus  morbidity.  Stability  sf  influent*  aerosols  under  controlled 

( 195 

conditions  of  temperature  and  RH  has  bate,  studied  by  Hetascs  et  al.. 

( ?os 

and  Harper  J.  Their  finding*  indicated  that  survival  of  influenza 
virus  was  greatly  reduced  when  the  RH  exceeded  50%.  Virus  survival 

was  prolonged  at  lower  temperatures.  No  data  concerning  the  stability 

(21) 

of  adenovirus  type  4  aerosols  are  available.  However,  Buckland'  ' 
found  that  adenovirus  types  1  and  3  survived  best  at  high  RH.  It  may 
be  that  the  effect  of  Che  RH  and  temperature  on  the  host  defense 
mechanisms  may  be  more  important  in  determining  Che  seasonal  occur¬ 
rence  o£  epidemics  than,  the  etfect  of  these  factors  on  virus  survival 
in  vitro.  The  correlation  of  the  low  Indoor  humidity  with  the  course 
of  the  adenovirus  epidemics  at  ITR  remain*  Co  be  determined  in  subse¬ 
quent  studies.  If  the  relationship  is  significant,  an  approach  to¬ 
ward  limiting  the  spread  of  this  agent  can  be  realistically  provided. 
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DISCUSSION 

Schu Iman :  What  about  tne  seeming  discrepancies  regarding 

seasonal  variations  of  adenovirus  that  diiferent  people  report.  In 
some  ins.ances,  if  .mi  look  at  it  in  terms  of  rise  in  antibody  titer, 
they  report  that  there  is  not  that  much  seasonal  variation;  the  in 
to  tv  incidence  is  the  same  all  vear  around,  but  the  ratio  of  febrile- 
cases  is  much  higher  in  the  Winter  chan  it  is  in  the  Simmer  , 
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'  v«- 


In  i'lr  figures  you  sh  :w  it  would  stem,  in  y.rur  study  groups  at  Iea»t, 
the  over-ai  1  incidence  of  infection  per  s«.  was  much  lower- 

Bio  jib  :  That's  correct.  Our  studies  have  been  considerably  dif- 
ferent  from  what  has  been  reported  in  studies  ,f  adenovirus  type  4  at 
Full  Gtd,  Fort  Disc  and  crest  Laxes.  tins  is  why  we  believe  it  was 
worth  the  effort  to  do  the  longitudinal  studv  in  an  attempt  to  quanti¬ 
tate  these  differences.  As  far  aw  febrile  t ; Ircsscs  gr ,  85*  of  all 
febrile  illnesses  sampled  dur'ne  these  epidemic  periods  were  associ¬ 
ated  with  pneumonia,  about  10",  of  all  men  ads-iiLed  for  respiratory 
disease  were  found  to  have  an  infiltrate  and  rhcse  cases  were  almost 
invariably  associated  with  adenovirus  tvpe  4. 

VF IT " :  Did  y  >u  find  any  association  between  these  recruits  that 

had  the  adcno-4  disease  and  any  bacterial  diseases. 

8 1  com :  There  was  practically  no  bacterial  pneumonia  among  re¬ 

cruits  at  Parris  Island  or  among  the  young  military  people  at  Camp 
Lejeutie  -  The  rate  of  bacterial  pneumonia  is  very  low  for  almost  all 
military  recruit  populations. 

VFTF  ■  You  remarked  that  the  last  recruit  groups  who  went 
through  the  longitudinal  study  had  a  very  high  incidence  of  what  w* 
might  call  common  colds.  Do  you  think  that  the  reduced  rate  of  adeno¬ 
virus  infection  might  therefore,  in  this  particular  study,  have  been 
a  fortuitous  thing  representing  viral  interference'. 

SI  com :  I  don’t  believe  so,  because  in  the  cross-section  studies, 

when  the  3,000  advanced  recruits  returned  from  Christmas  leave,  we  were 
able  to  isolate  all  of  the  so-called  newer  respiratory  viruses.  Adeno¬ 
virus  type  4  then  began  to  replace  the  rf inoviruaes  quite  rapidly. 

Capt  .  Mil  ler  :  Exclusion  of  rhi noviruses  by  adenoviruses  in 

this  relatively  select  group  of  recruits  when  in  training,  right  in 
the  beginning,  middle  and  end  of  the  training  is  interesting.  He  had 
this  high  instance  of  adenovirus  all  through  this  period  of  the  year • 

We  also  had  serologic  evidence  with  2060  (ECHO  28)  virus  and  this  ran 
about  15-20%  rtimovirus  into  the  year.  We  did  not  go  .o  far  as  tc 
see  what  happened  in  the  individual  recruits,  that  is,  whether  we  had 
an  adenovirus  rise  or  not. 


IT TF  »  Vo l c e  from  the  floor 
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Bloom:  In  sone  *4  the  studies  reported  from  Great  Lake's,  fhert 

is  evidence  -'i  multiple  infections  but  of  a  higher  order  of  magnitude 
than  ours  have  been.  We  had  very  little  evidence  of  mu l t ipl i . . ty  of 
infection .  E&ton  agent  pneumonia  appeared  throughout  our  adenjvxius 

^tlpldfeJuiv  -  Ot ife  of  Liia  pr>ji*viu«  i  &  X  bt  abiv  t  i  4*4-  L  -..Hi  L  the  L  i  t?a !. 

abl^  Eaton?  pneumonias  from  the  adenovirus  pneumonias  which  are  "un* 
trrSMe  '  Eihiii  ha*  th«?  capacity  m*.»i  b-jng  replaced  by  adenovirus 
As  tar  the  rhinoviruses  go,  the  i&st.  Unigi  t  jd ina  I  study  ^r.mp 
yielded  priMAii.lv  HGT*  virus  and  ve  s  ■  s<*  have  evidence  ct  ECHO  28  in 
the  population  appearing  at  the  end  of  the  adenovirus  outbreak. 
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THE  PATHOLOGY  OF  CHRONIC  BRONCHITIS 


Robert  fi .  Wright 


Department  cf  Pathology  and 
Card i ovascu far  Research  Institute 
University  of  California  Medical  School 
San  Francisco,  California 


The  understanding  of  the  pathology  of  chronic  bronchitis  has  been 
liruted  by  the  inferior  quality  of  microscopic  slides  of  bronchi  pre¬ 
pared  in  the  routine  manner  in  most  laboratories.  Formalin  fixation 
and  paraffin  embedding  introduce  many  artifacts  because  of  the  marked 
shrinkage  and  the  partial  loss  of  edema  and  mucus  .  A  esodified  method 
'or  the  preparation  jf  microscopic  slides  of  bronchi  was  used  in  our 
laboratory  Bronrh is  1  tissue  prepared  by  this  method  showed  Kin  tow  1 
shrinkage,  and  nucus  and  edema  were  appropriately  retained  w.thin  Che 
bronchial  lumens  and  walls. 

It  is  the  purpose  of  this  paper  to  report  the  pathologic  findings 
of  the  bronchi  iii  IS  cases  of  chronic  bronchitis.  Irt  each  case  a  lung 
was  available  from  an  autopsy  or  surgical  pneumonectomy . 

METHODS  AND  MATERIALS 

The  diagnosis  of  chronic  bronchitis  had  been  established  Clini¬ 
cally  in  each  ..if  •  1  cases.  Ih  i  s  diagnosis  was  based  upon  the  combina- 
ri  >n  of  cough,  sputum  and  heavv  cigarette  smoking  for  at  least  2  vr  . 
Twelve  ..  f  tin-  cases  died  of  other  causes  and  were  aucopsied.  Three 
cases  had  a  lung  removed  because  of  bronchogenic  carcinoma  All  cases 
were  free  of  terminal  suppurative  bronchitis,  pneumonia  or  aspira  ton. 

Segments  of  the  bronchi  were  removed  with  a  scalpel  from  various 
levels  of  the  bronchial  tree  of  each  case  and  placed  in  Carnov’s 
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fixative  After  2d  hr  these  tissues  were  placed  in  several  changes  of 
absolute  ethyl  alcohol  and  embedded  in  nitrocellulose.  The  tissue 
was  sectioned  at  6  u  and  stained  variously  with  H  and  E ,  Mallory's  tri¬ 
chrome,  Vsrhoeff  elastic-van  Giesen,  and  PAS  stain*. 


OBSERVATIONS 

All  15  cases  of  clinically  diagnosed-chronlc  bronchitis  showed  in¬ 
flammatory  changes  involving  the  bronchial  wall.  Most  noteworthy  was 
the  edet&a  whi-!.  permeated  the  entire  bronchial  wall,  causing  it  to  be 
considerably  thickened  (Fig.  1).  Distended  lymph  vessels  accompanied 
the  edefito  The  thickened  mucosa  produced  narrowing  of  the  bronchial 
lumen.  Frequently  the  respiratory  epithelial  layer  was  partially  de¬ 
tached  from  its  basement  membrane  by  small  localized  vesicles  of  edema 
fluid.  Edema  fluid  was  also  commonly  seen  mixed  with  mucus  within  the 
lumens  of  the  bronchi. 

Chronic  inflammatory  cells  consisting  of  lymphocytes  ar.d  plasma 
cells  were  always  present  in  the  walls  at  the  bronchi  (Fig.  2).  Some 
of  the  cases  possessed  more  Inflammatory  cells  than  others  and  gener¬ 
ally  corisiated  with  a  greater  degree  of  edema,  thus  indicating  a  more 
severe  degree  of  inflammation.  The  plasms  cells  often  possessed  bright 
red  granules  within  their  cytoplasm.  These  granules,  known  as  "grape 
cells"  or  "Russel  1 -Fuchs  bodies",  were  also  observed  in  plasma  cells 
within  the  peribronchial  lymph  nodule* 

The  mucous  glands  of  the  bronchi  ware  markedly  hypertrophied  and 
hyperplastic ,  as  described  by  8eid^i;,  in  five  of  the  case*  and  moder¬ 
ately  so  in  the  others.  The  gland  acini  were  filled  with  mucua ,  and 
there  was  streaming  of  the  mucus  within  dllacad  gland  duct*  (Fig.  3) . 
This  mucua  extended  from  the  ducts  into  the  bronchial  lumen*.  The 
respiratory  epithelium  contained  increased  number*  of  distended  goblet 
cells  at  all  level*  of  the  bronchial  tree  including  eh*  terminal  and 
respiratory  bronchioles  which  normally  do  not  posaaaa  thaaa  calls.  The 
valla  of  the  goblet  cells  bulged  with  mucus  onto  the  mucosal  surface. 
Mucus  within  the  bronchial  lumen*  contained  moderate  numbers  of  acute 
and  chronic  inflammatory  calls  as  veil  a*  clumps  of  detached  epithelial 
cells.  Bubbles  of  air  could  frequently  be  seer,  as  round  empty  spaces 
within  the  mucus.  This  mucus  produced  s  partial  to  complete  obstruc¬ 
tion  in  msny  of  the  smsller  bronchi. 
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Alteration  of  the  respiratory  epithelium  was  a  frequent  finding 
In  all  of  the  cases.  the  most  commonly  observed  abnormality  was  a 
focal  detachment  of  the  epithelium  from  the  beaeaent  membrane  This 
was  usually  accompanied  by  microscopic  accumulations  of  edema  fluid 
between  the  ceils  and  the  membrane.  Occasionally  there  were  ulcers* 
Cions  of  the  mucosa  with  replacement  of  the  epithelium  by  fibrinous 
exudate  overly  tog  *  tone  of  granule t  tor.  tissue.  A  very  con&on  observa¬ 
tion  was  stratification  and  squamous  metaplasia  of  the  respiratory 
epithelium.  The  stratification  tanaiated  of  two  or  so?#  leyeve  of 
flattened  epithelial  cells  devoid  of  cilia  or  mucous  goblets.  The 
metaplasia  consisted  of  replacement  of  the  respiratory  epithelium  by- 
two  or  more  layers  of  squamous  cells  showing  keratin  formation.  Atyp- 
lsm  of  the  nuclei  of  these  cells  was  occasionally  seen  end  usually 
associated  with  increased  mitoses  (Fig.  4).  Carcinoma  was  not  observed 
in  eny  of  the  case*  although  two  sites  of  borderline  etyplsm  were  noted. 

The  basement  membrane  beneath  the  respiratory  epithelium  was 
thickened  in  all  cases.  This  thickening  possessed  a  hyaline  appear¬ 
ance  and  the  thickness  varied  within  the  same  bronchus.  Acute  and 
chronic  inflammatory  cells  were  sometime#  observer"  within  the  hyalin- 
ized  membrane  indicating  a  migration  of  these  cells  from  the  mucosa 
into  the  bronchial  lumen. 


COMMENT 

The  histologic  observations  of  the  bronchi  of  15  sutopey  and  sur¬ 
gical  cases  with  a  clinical  history  of  chronic  bronchitis  showed  sig¬ 
nificant  degrees  of  chronic  inf lassaatton  Involving  the  bronchial  wall. 
This  inf laomation  was  manifested  by  changes  in  the  bronchi  consisting 
of  edema.  Increased  mucus  production,  inflammatory  cell  infiltration 
and  alterations  In  the  respiratory  eplthtlium.  Tha  edema  caused  thick¬ 
ening  of  the  mucosa  with  resultant  reduction  in  the  else  of  the  bron¬ 
chial  lumen,  the  small  bronchi  were  frequently  partially  or  coe^letely 
obstructed  by  a  t  tture  of  mucus  and  edema  fluid  within  their  lumens. 

The  small  sroslons  and  detachments  of  the  respiratory  epithelium 
Indicated  the  destructive  character  of  r hronic  bronchitis.  The  alter¬ 
ations  of  tha  respiratory  epithelium  to  a  squamous  cell  pattern  appar¬ 
ently  had  resulted  from  repeated  insults  to  tha  mucosa.  Tha  excess 
mucus  production  by  tha  hypertrophic  glands  and  Increased  goblet  cells 
waa  probably  a  response  to  irritation. 
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It  #“eass  reasonable  to  propose  that  the  inflammatory  reaction  in¬ 
volving  the  bronchial  wall  results  in  serious  damage,  some  of  switch  is 
peresarient ,  to  the  bronchi.  These  damaged  airways  have  less  resistance 
to  invasion  by  bacteria,  and  further  inflammation  results  from  the  in¬ 
vasion  by  pathogenic  organisms .  The  initial  insult  could  likely  reaul 
from  repeated  and  prolonged  attacks  by  viruses  or  exogenous  chemical 
irritants  • 
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EFFECTS  OF  NOXIOUS  GASES  ON  RESISTANCE 
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Various  factors  not  related  to  the  natural  development  of  the 
host,  such  as  age,  sex,  or  i:<*reJity ,  can  have  a  profound  effect  on 
native  or  acquired  resistance  to  infection.  These  factor*  may  be 
ordinary  .vironmental  influences  encountered  by  everyone  on  a  daily 
basis,  or  they  can  be  more  extraordinary  ones  to  which  only  s  frac¬ 
tion  of  the  population  is  exposed.  In  the  last  group  one  can  include 
noxious  gases  in  community  air  pollution  or  those  present  under  cer¬ 
tain  circumstances  as  an  industrial  hazard. 

Through  their  effect  upon  the  physiology  of  the  host,  environ¬ 
mental  factors  may  alter  the  host-parasite  relationship  resulting,  in 
many  instances,  in  lowering  the  resistance  to  infection.  Thu*  they 
may  interfere  with  normal  defense  mechanisms  through  destruction  of 
leukocytes  or  inhibition  of  antibody  production.  They  also  may  pro¬ 
duce  changes  in  the  physical  defense  mechanisms  of  the  body  such  aa 
ciliary  movement  or  mucus  excretion  in  the  respiratory  syetea,  The 
degree  of  damage  produced  is  usually  closely  related  to  the  duration 
of  exposure  and  concentration  of  gas  to  which  the  host  is  exposed. 


*  This  study  was  supported  by  funds  provided  by  the  tJ.S.  Public  Health 
Service,  Division  of  Air  Pollution,  under  Contract  No.  SApb  73297 
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Hie  effects  of  noxious  or  irritating  gages  on  health  frequently 
occur  a*  Che  result  of  contact  between  the  gases  and  membranous  sur¬ 
faces  of  the  respiratory  system;  the  latter  serve  a*  defense  mechan¬ 
isms  against  respiratory  infections-  Protective  action  takes  place  in 
the  tracheobronchial  tree  through  the  production-  of  mueus  and  through 
ciliary  mtsyesaefu  .  An  irritant  gas  reaching  the  epithelium  of  the 
trachea  or  the  bronchi  can  paralyse  the  cilia  or  cause  destruction  of 
Che  surface  layers  of  the  epithelial  lining.  Damage  to  the  bronchial 
epithelium  cannot  always  be  detected,  especially  if  the  concentrat ions 
of  the  irritating  gases  are  relatively  Xov.  However,  damage  may  be¬ 
come  apparent  whan  the  subject  is  exposed  to  a  secondary  stress,  such 
as  respiratory  challenge  with  infectious  microorganisms. 

Effects  of  atmospheric  pollutants  on  resistance  to  infection  have 
been  studied  to  a  very  limited  degree.  Two  basic  approaches  were  used, 
namely,  epidemiological  surveys  and  animal  experimentation. 

The  Kettering  Laboratory  of  Applied  Physiology,  University  of 
Cincinnati^ ,  reported  on  an  epidemiological  survey  of  workers  ex¬ 
posed  to  sulphur  dioxide-  The  incidence  of  colds  was  not  significantly 
different  from  that  of  the  control  group.  However,  the  duration  of 

colds  was  extended  in  the  exposed  group.  Other  significant  effects 
were  a  higher  incidence  of  nasopharyngitis,  alteration  in  sense  of 
smell  and  taste,  higher  incidence  of  abnormal  urinary  acidity,  ten¬ 
dency  toward  increased  fatigue,  shortness  of  breath  on  exertion,  and 
increased  sensitivity  to  other  irritants - 

Milla^  found  a  highly  significant  relationship  between  the  in¬ 
cidence  of  soot  and  respiratory  disease  death  rates  In  various  dis¬ 
tricts  of  Cincinnati  and  Pittsburgh,  Pneumonia  and  tuberculosis  were 
much  more  prevalent  asiong  people  living  in  the  most  populated  areas 
of  these  urban  communities. 

More  recently  Dohan^  reported  on  an  epidemiological  study  among 
workers  in  various  RCA  plants.  He  wst  able  to  correlate  the  incidence 
and  extent  of  sulfur  dioxide  pollution  with  the  absenteeism  lasting 
more  than  7  calendar  days  due  to  upper  respiratory  diseases. 

Other  epidemiological  surveys,  on  the  other  hand,  had  failed  to 
support  the  view  that  coal  dust  is  a  predisposing  factor  to  pneumonia 
For  example,  Kibby^  found  that  mortality  from  pneumonia  was  lower 
among  coal  miners  ehsn  among  surface  workera.  In  addition,  necropaiee 
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have  yielded  conflicting  result*  on  the  relation  of  coal  du*t  to 
pneutton 1 * . 

Laboratory  studies  in  this  area  are  rather  sparse.  In  the  past 
they  concentrated  sore  on  the  effect*  of  particulate  air  pollutant* 
than  gaseous  pollutants.  Vint  inner studied  the  effects  of  aluminum 
dust  on  susceptibility  to  lobar  pneumonia  produced  by  intrabronchial 
inoculation  of  IVpe  I  pneumococci  suspended  in  mucin.  Ke  concluded 
that  rats  exposed  to  this  type  of  dust  were  not  more  susceptible,  in 
fact,  their  resistance  appeared  to  increase.  Similar  result*  war * 
reported  by  Vmt Inner  and  3*e  t jer for  rats  exposed  to  coal  dust 
or  smoke  produced  by  the  combustion  of  coal. 

Experimental  ■  The  methodology  ured  for  exposure  of  animals  to 
oz or t  and  nitrogen  dioxide  and  for  -espiratary  challenge  with  the 
infectious  organism  Klebsiella  pneumoniae  was  described  in  detail  in 
previous  publications^’^.  The  concentration  of  oione  waa  deter¬ 
mined  by  titration  with  aluminum  chloride-buffered  potassium  iodide. 
The  concentration  of  nitrogen  dioxide  waa  determined  by  the  method 
described  by  Saltxman^ , 

Male  end  female  Swiss  albino  Webster  strain  mice,  weighing  ap¬ 
proximately  26  g,  were  used.  The  animals  were  selected  at  random  and 
exposed  to  the  experimental  conditions  in  groups  of  ten.  Death  of 
animals  after  exposure  was  recorded  twice  a  day  for  14  day*.  Gross 
autopsies  were  performed  on  all  dying  animals,  and  their  heart*  were 
assayed  for  microbial  content.  Animals  surviving  the  14 -day  observa¬ 
tion  period  were  sacrificed,  autopeied,  and  the  hearts  assayed  as 
above . 

Stock  culture  of  K.  pneumoniae  was  isolated  from  the  heert  of 
a  mouse  killed  by  intraperltoneal  injection  of  this  organism.  Mass 
cultures  were  grown  on  Difco  blood  agar  base  end  harvested  In  sterile 
water.  Vials  containing  1  ml  aliquots  of  th*  harvested  culture  were 
froten  at  -70  C  and  stored  at  -10  C.  Concentration  of  the  organisms 
in  each  vial  waa  approximately  10l®/ml.  For  a*ro#oli*atior>,  the 
frozen  material  was  thawed  and  regrown  on  blood  agar.  The  growth 
waa  harvested  with  sterile  water  and  brought  to  a  concentration  of 
approximately  10^  organisas/ml  with  sterile  water.  This  material, 
when  disseminated,  usually  produced  30-50%  mortality  In  mice.  The 
estimated  inheled  LDjq  dose  was  between  500*1000  organisms. 
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Mice  la  groups  of  net  more  than  three  were  pieced  in  small, 
specially  declined  cages,  which  were  introduced  into  the  eerosol 
chamber  through  «n  air  lock  Mice  were  exposed  to  a  dynamic  aerosol 
for  10  min.  After  challenge,  aerosol  production  was  interrupted  and 
animals  were  sir-washed  for  15*30  min.  they  were  then  removed  end 
placed  in  cages  protected  by  ultraviolet  light.  Such  experiments 
were  repeated  until  50  Rice  had  been  exposed  to  s  given  experiments! 
condition. 

For  quant itet ive  assay,  the  aerosol  was  collected  in  an  ali-gla** 
impinger  containing  20  mi  of  gelatin  phosphate  solution.  the  content 
was  plated  using  conventions!  serlai  dilution  techniques 

Results .  Two  basic  experimental  conditions  were  used.  In  one, 
the  mice  were  exposed  to  the  pollutants  first  and  then  challenged  at 
various  time  intervals  with  the  infectious  agent.  In  other  groups 
of  experiments,  the  infectious  challenge  preceded  exposure  to  gaseous 
pollutants . 

The  next  group  of  figures  shows  some  of  the  results  obtained 
during  the  studies.  Some  of  the  data  were  reported  in  publications 

mentioned  previously  Table  1  shows  the  effect  of  pre-exposure  to 
ozone,  at  various  concentrations  and  for  various  durations,  on  resist¬ 
ance  to  K.  pneumoniae  infection.  The  time  Interval  between  the  expo- 
aure  and  the  challenge  was  1  hr.  Increases  in  mortality  rates  were 
significant  at  each  experimental  point  It  is  interesting  to  note  that 
in  hamsters  no  deaths  were  produced  by  infecclous  challenge  alone. 
However,  upon  pre-exposure  to  ozone  up  to  100%  mor  'tty  occurred. 

Table  2  show*  similar  data  obtained  upon  respiratory  challenge  with 
Streptococcus  sp.  Although  smaller  numbers  of  mice  were  involved  in 
those  experiments,  the  some  trend  of  increased  susceptibility  as  with 
K.  pneumoniae  can  be  observed. 

Table  3  shows  the  effects  of  time  interval  between  exposure  to 
ozone  and  the  infectious  challenge.  Ozone  concentration  was  kept  con¬ 
stant  at  &  ppm  and  the  exposure  time  was  3  hr .  It  can  be  seen  that  the 
effect  of  ozone  persists  for  less  than  19  hr  when  mice  ere  exposed  to 
this  gas  prior  to  the  Infectious  challenge.  However,  when  infected 
aniaala  are  exposed  to  ozone,  the  reduced  ’distance  it  apparent  for 
at  least  27  hr  and  probably  for  even  longer  periods  of  tine. 
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TABU  1. 


Efface  of  pre -exposure  to  oto n*  on  resistance  to 
KUfef.lellt  anfegBQfijjMt  infection 


Oj  Exposure 

|  Mortality,  %  j 

Mot taiitv 

Control 

Ozone 

Increase,  % 

r  * 

Mouse 

4.4  ppst/3  hr 

36 

88 

144 

o.a 

1  3  pp®/ 3  hr 

42 

6$ 

62 

O.CK 

0.8  ppa/100  hr 

23 

62 

169 

0.<X 

0.8  ppsa/4  hr/5  d/2  w 

21 

ue 

O.Of 

Hamjter 

[ 

i 

4.4  ppffi'3  hr 

0 

100  ; 

too 

O.Oi 

1 , 3  ppm/  3  hr 

0 

i  75  1 

73 

0.0 ; 

0.8  ppa/100  hr 

0 

33  | 

33 

OCX 

TABLE  2.  Effect  of  pre-exposure  to  ozone  or.  resistance 
of  mice  to  Streptococcus  Infection 


0-j  Exposure 

r  . . ^0..  a 

Mortality*  X 

Mortal ity 
Increase,  X 

Control  j 

|  - ] 

Ozone 

4.4  ppa/3  hr 

42 

76 

81 

1 . 3  ppra/ 3  hr 

42 

58 

38 

0.8  ppa/100  hr 

57  j 

78 

37 

0.8  ppm/4  hr/S  d/2  w 

23 

52 

68 

TABLE  3.  Effect  of  time  Interval  between  exposure  to  ozone 
and  infectious  challenge  on  resistance  of  alee 
(4  ppts  O3  for  3  hr) 


Time  Between 

O3  Exposure  and 
Challenge,  Hr 

Mortal ity,  %  I 

1 _  _ _ _ _ 

Mortality 

[ 

Control 

Ozone 

Increase ,  X 

1 

37 

78 

111 

0.05 

3 

38 

92 

142 

0.05 

6 

38 

67 

76 

0,05 

19 

38 

45 

18 

27 

38 

42 

11 

Time  Between 
Challenge  and 

0-j  Exposure,  Hr 

j 

' 

3 

43 

80 

96 

0.05 

6 

40 

73 

83 

0.05 

27 

43 

67 

56 

0.05 

The  utt  table  (fable  4)  luauflui  Eh*  data  on  the  effects  of  * 

2* hr  axpoturs  to  various  concentrations  of  nitrogen  dioxide  on  raaiae* 
sac*,  th*  exposure  to  th*  pollutant  occurred  1  hr  before  th*  infec¬ 
tious  challenge,  It  e*a  be  area  that  nitrogen  dioxide  has  an  effect 
sirtilei  to  israo*.  Concentrations  eq^sa i  to,  or  higher  than,  3.5  ppm 
reduced  the  resistance  of  alee  to  the  infection,  the  persistence  of 
the  effect  produced  by  nitrogen  dioxide  use  studied  nest.  At  effective 
concentrations  (<  3.5  ppm)  the  reduced  resistance  mis  not  noticed  when 
the  time  interval  between  the  exposure  to  the  gas  and  the  infectious 
challenge  was  more  titan  24  hr.  however,  when  infected  mice  were  ex¬ 
posed  to  nitrogen  dioxide,  aignif ieantly  higher  mortalities  were  ob¬ 
served  even  efter  72  hr. 


TABLE  4.  Effect  of  a  2-hr  pre-exposure  to  nitrogen  dioxide 
cm  resistance  to  Klebpieila  pneumonia*  infection 
in  mice 


NCj ,  ppm  ! 

a=S3as,Eg- - r1""”  . . 

Mortality,  %  | 

! 

i  Mortality 
|  Xncreea* ,  % 

P  < 

IIOBggg 

25.0 

1 

40  | 

92 

124 

0.05 

15.0 

33 

68 

1  16? 

10. 0 

48 

98 

104 

0.05 

5.0 

45 

94 

1  109 

0.05 

3.5 

44 

98 

1  123 

0.05 

2.5 

34 

40 

18 

1.5 

47 

57 

21 

At  necropsy,  exudate  w«s  found  in  the  pleural  cavities  of  most  of 
the  infected  sice  that  died  during  the  14-day  observation  period.  The 
lungs  of  these  sice  were  cor.aolidated  end  frequently  showed  white 
plaques  resembling  eger  colonies  of  K  pneuaor, iae .  Bacteriology  of 
surviving  mice  eacriiiced  after  the  14-day  holding  period  was  negative 

It  is  apparent  from  the  experimental  data  that  osone  and  nitrogen 
dioxide  increase  the  susceptibility  of  laboratory  mice  to  respiratory 
infection  caused  by  inhalation  of  K.  pneuaon ise .  The  damage  produced 
by  these  gases  at  the  exposure  levels  studied  is  not  permanent  and  re¬ 
covery  takes  place  within  less  than  24  hr 


66 


L ITERATORS  CITSO 


1.  KIHOE,  R,  A. ,  W,  F.  MACHLE,  K,  8II2MILLER,  and  T.  t.  LeBLAHC. 
1932.  \  lad.  Hyg.  i£:15*. 


a. 

KILLS, 

C,  A. 

1943. 

As.  J.  Hyg.  17:131, 

^  • 

BOHAh, 

t.  C. 

1961 . 

Arch  Environ.  Health  1:387 

4 . 

KISBY, 

c.  u. 

1937, 

Am,  J.  Pub! .  Health  27:555. 

5-  VISTTSHER,  F.  I.  1951.  Arch*  lad.  Hyg.  Qccup,  Mad.  &:2I7. 

6.  ranrsEER,  r.  i.  and  a.  h.  saetjer.  mi.  Arch.  ind.  ayg,  occup. 

Hed.  4:206. 

7.  MILLER,  S.,  and  8.  EHRLICH.  1958.  J.  Inf.  Diseases  103:145. 

8.  PURVIS,  M.  a.,  S.  KILLER,  and  k.  EHRLICH.  1961.  j.  Inf.  Diseases 

109:238. 


9.  PURVIS,  M.  R.  and  R.  EHRLICH.  1963.  J.  Inf.  Dtaeaaea  113:72. 

10.  SALTZMAH,  B.  E.  1954.  Anal.  Cham.  jg6.1949. 


SISCUSSIOH 

Schulnan :  Have  you  tonaldarad  th*  possibility  of  uaing  ocher 

parameters  to  measure  thla  potentiation;  have  you  cooaiderad  seeing 
whether  the  Infective  doae  waa  changed  rather  than  the  ebaolute  mor¬ 
tality  in  the  two  different  groups,  and  havt  you  considered  actually 
counting  the  number a  of  organisms  preaent  in  the  lungs  of  the  infected 
animal*  at  intarvala  with  and  without  exposure  to  the  noxious  gases? 
The  reason  1  ask  is  thst  I  think  we  can  all  agree  that  mortality  ia 
raally  one  of  the  grossest  indications  we  can  have  of  susceptibility 
to  infection,  and  X  think  you  may  be  missing  much  more  Important  and 
subtle  differences  by  using  mortality  as  your  only  parameter  of  sus¬ 
ceptibility  . 

Ehrlich:  I  would  like  to  make  two  comments ■  One:  in  all  exper¬ 

iments  the  animals  exposed  to  various  NO-j  or  ozone  conditions,  and 
control  animals  not  exposed  to  the  pollutants,  were  challenged  simul¬ 
taneously  with  the  infectious  aerosol.  Thus,  ell  animals  at  least 
theorst teal ly  received  the  same  dose,  and  I  believe  direct  comparison 
can  be  made.  Two:  some  of  the  experimental  work  underway  in  our  lab¬ 
oratories  pertains  directly  to  your  comment.  We  are  studying  the  ac- 
tual  distribution  of  the  organisms  in  the  lungs,  Immediately  after, 
and  at  various  time  Intervals  after,  the  infectious  chellenge.  Control 
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aiice  as  well  as  mice  exposed  to  the  pollutants  are  Included  in  Che 
experiment*.  Me  are  also  looking  at  the  ciliary  movement  and  mucus 
excretion*  to  study  acre  thoroughly  the  mechanism*  involved  In  t>.i 
phenomenon  reported  here. 

Morton ;  Did  you  ever  expose  the  animals  to  the  contaminant  gases 
and  to  the  challenge  organisms  siisy  1  taneous ly ? 

Ehrl  ich  :  Bo .  There  are  problesss  relating  to  possible  effects  of 
some  of  the  gases  on  the  organisms 

Morton:  I  asi  interested  in  Dr.  Schulman’a  question,  because  it 

did  not  occur  to  sbc  when  you  were  speaking  that  probably  the  differ¬ 
ence  between  exposure  to  gas,  before  and  after  challenge,  might  simply 
stay  there,  as  you  know,  for  a  long  time. 

Silver :  What  sort  of  dose  response  slope  did  you  get  for  this 

type  of  infection?  If  you  got  a  very  steep  slope,  you  might  expect  to 
show  quite  rapid  response  with  quite  small  increases  in  the  dose. 

Ehrlich;  The  dose  response  curve  is  not  at  all  steep  as  far  as 
the  K.  pneumoniae  is  concerned. 

Sijver:  This  is  actually  the  answer  to  the  first  question.  You 
are  just  as  well  off  using  this  sort  of  parameter  as  you  would  be  if 
you  measured  the  after-effect  of  response  that  occurred. 

Ehrlich:  I  don't  agree  with  that. 

1.  Mi  1 ler :  In  our  recruit  population  of  many  thousands  of  men, 

we  had  a  higher  incidence  of  respiratory  disease  in  recruits  that  came 
from  cities  than  in  those  that  cat**  from  the  rural  areas.  And  when  we 
got  to  the  Incidence  of  pneumoniae,  there  was  a  fairly  large  difference. 
I  just  wonder  if  there  might  be  tome  prolonged  effects  --  that  if  you 
were  to  do  some  prolonged  exposures,  you  would  have  found  some 
residual  effects  which  made  animals  more  susceptible. 

Ehrlich:  We  are  conducting  some  experimental  work  on  expoaurea 

to  low  concentrations  --  approximately  O.S  ppm  -•  of  MOj  for  prolonged 
periods  of  time  up  to  12  months  The  data  available,  up-to-date, 
indicates  that  3  months  exposure  to  this  concentration  of  Nl>2  results 
in  increased  susceptibility,  again  as  measured  by  mortality  rates  end 
survival  time. 

Hiddi.ebrook:  I  note  that  physicists  and  mineralogists,  who 

studied  air  naturally  polluted  with  particles  of  SOj  and  stone,  have 
observed  that  a  high  proportion  of  the  gaa  is  absorbed  to  the  par¬ 
ticles  and  is  almost  always  present,  at  the  same  time,  in  the  same 
volume  of  air.  For  this  reason  I  wondered  if  you  planned  to  uae 
charcoals  exposed  to  the  gases  as  agents  for  investigation  of  the 
effect  upon  susceptibility  to  infection. 

Ehr  1  ich  :  We  have  no  immediate  plans  in  this  area,  but  I  know 

of  this  work,  especially  as  far  as  SO2  is  concerned. 
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A  MATHEMATICAL  CRITIQUE  FOR  SURGICAL  WOUND 
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i  want  to  present  some  facts  and  fancies  concerning  a  phenomenon 
which  meets  almost  none  of  the  classical  requirements  of  a  problem  in 
aerobiology.  Surgical  wound  Infection  initiated  by  airborne  particles 
containing  Staphylococcus  aureus .  if  a  reality,  is  most  likely  caused 
by  relatively  large  particles.  Tradit .  'na  1  ly  these  particles  have  not 
been  considered  as  airborne,  and  are  generally  excluded  from  consider¬ 
ation  in  Aerobiology. 

In  due  deference  to  the  state  of  mind  which  rejects  the  importance 
of  larger  particles  in  the  air,  I  must  confess  that  in  our  own  work  we 
entered  the  field  of  hospital  ventilation  with  the  bias  that  only  par¬ 
ticles  of  leas  than  10  u  diameter  were  worthy  of  study.  We  are  in¬ 
debted  to  our  British  colleagues,  notably  Drs .  Lidwell  and  Blowers^, 
for  pointing  out  that  airborne  microbial  particles  in  operating  suites 
were  often  much  greater  than  10  p  in  diameter,  and  especially  that 
staphylococci  (staph)  are  most  frequently  found  in  particles  nearly 
20  p  diameter . 

Subsequently  we  have  assembled  further  data  trfilch  support  the 
British  observations.  Some  of  these  are  shown  in  Table  1.  For  those 
of  you  who  are  in  any  small  measure  disciples  of  the  late  William 
Firth  Wells,  it  is  of  interest  that  his  earlier  observations  compare 
favorably  with  more  recent  valuer.  The  United  States  values  are 
averages  of  a  number  of  current  observations,  arbitrarily  arranged  in 
three  groups.  You  will  notice  that  only  for  the  case  of  good  practice, 
which  unfortunately  la  relatively  rare,  it  the  settling  mean  diameter 
as  small  as  10  p. 
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TABLE  !. 


Apparent  mean  diameters  of  naturally  occurring 
aicrobial  aerosols  emanating  from  personnel 


Source  of  information 

Sett  Hag 
velocity,  fp« 

Equivalent  settling 
diameter,  u 

* 

Weils  :  Boston 

2.04 

18 

Pittsburgh 

1.56 

16 

1.32 

15 

lows  City 

1.59 

16 

0.83 

12 

1.47 

16 

liable^:  England 

1.2 

14 

U,S.<'>:  Poor  practice 

2.4 

20 

Average  practice 

1  .0 

13 

Good  practice 

0.6 

10 

*  Wells,  W.  F.  1955.  Airborne  Contagion  and  Air  Hygiene. 

Harvard  University  Press,  Cambridge. 


1  Katie,  W.  C.,  0.  M.  Lidwell,  and  9.  Kingston.  1963  The  size 
distribution  of  airborne  particles  carrying  micro¬ 
organisms,  J,  Hyg.  Camb.  61 : 385. 

O  Prom  various  published  and  unpublished  data.  Compiled  on  the 
basis  of  three  levels  of  air  contamination. 


It  has  often  been  shown  that  such  large  airborne  particles  do  not 
necessarily  arise  from  secondary  reservoirs.  The  results  oi  some  of 
our  own  studies  illustrate  this  (Table  2).  These  observations  were 
made  in  our  simulated  operating  room,  or  with  a  glove  box,  and  are 
illustrative  only,  indicating  that  fairly  large  airborne  microbial 
particles  can  emanate  from  people  in  the  absence  of  secondary  res¬ 
ervoirs  such  as  dust. 


TABLE  2.  Apparent  mean  diameters  of  nature’  ly  occurring 
microbial  aerosols  emanating  from  personnel 


Condi tiona 

Settling 
ve locity ,  fpm  j 

Equivalent  settling 
diameter,  u 

Street  clothes: 

Moderate  activity,  no  talking 

2.4 

20 

No  activity,  ouch  talking 

1 .4 

15 

Tight  surgical  gowning. 

Moderate  activity 

1 .0 

13 

Sneezing  into  box 

0.21 

6 

Talking  into  box 

012 

4.5 
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Our  simulated  operating  coom^  i»  a  aheet  metal  roast  12  x,  15  *  10 
it  high,  in  which  various  pieces  of  ventilation  apparatus  can  readily 
he  installed  or  removed.  All  studies  have  been  of  dynamic  aerosols 
with  continuous  operation  of  ventilation  and  continuous  generation  of 
a  standard  bacterial  aerosol  which  simulated  those  produced  by  people. 
Sampling  was  conducted  at  various  locations  and  levels  throughout  the 
rose.  Particle  sires  were  estimated  by  determining  the  average  rate 
of  fall,  and  also  from  plots  of  the  Anderses  plate  values,  employing 
log-normal  graph  paper.  We  are  indebted  to  Kr.  Lee  Kelly  of  Dugway 
Proving  Ground  for  providing  values  for  the  50%  efficiencies  of  Che 
various  stage*  of  the  sampler.  Estimates  of  particle  sires  greater 
than  9  9  u  (tne  50%  efficiency  site  of  the  first  plate  of  the  Andersen) 
were  made  from  the  upper  portion  of  the  plotted  curve,  which  it  an  ex¬ 
trapolation.  However,  thia  extrapolation  is  justified  because  of  the 
expected  distribution  of  particle  sizes  produced  by  the  atomixar  em¬ 
ployed.  Furthermore,  aize  estimates  for  larger  particles  were  veil" 
dated  by  the  settling  rate  determinations  made  by  comparing  numbers 
settling  per  minute  to  the  aerial  concentration. 

In  order  to  determine  the  distance  of  transport  of  larger 
particles,  the  atomizer  was  positioned  at  one  end  of  the  simulated 
operating  room,  giving  a  distance  of  travel  of  16  ft  to  the  other  end 
of  the  room.  It  was  r^^nd,  in  genital,  that  the  greater  the  velocity 
of  the  air  currents,  the  greater  the  distribution  of  larger  particles. 
To  illustrate  the  trensport  capacity,  two  ventilation  procedures  pro¬ 
ducing  low  eir  velocities  in  the  room  have  been  selected:  end-wall 
grille  at  low  air  flow,  and  perforated  ceiling  panels  at  higher  air 
flows-  Both  of  these  produce  air  velocities  in  the  room  well  below 
50  ft/min.  Table  3  shows  that  end-well  grille  ventilation,  which  le 
by  far  the  most  commonly  employed,  efficiently  trenaporta  particles  ea 
greet  as  20-30  u  diameter  at  laaat  a  distance  of  12  ft.  The  perfor¬ 
ated  celling  panels  transport  a  much  suller,  but  significant  fraction 
of  these  particles.  Unfortunately,  thia  ventilation  practice  la  seldom 
applied  in  hospitals. 

When  we  first  realised  that  particles  greeter  then  10  u  diameter 
were  worthy  of  study,  we  were  concerned  as  to  the  design  of  an  eeroeol 
chamber  for  investigating  their  behavior.  For  those  interested,  the 
distribution  of  counts  within  the  simulated  operating  ic'e,  ventilated 
with  an  end-wall  grille,  is  shown  in  Table  4.  The  distribution  is 
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definitely  not  perfect,  but  ie  perhaps  satisfactory  for  comparative 
etudiee.  At  higher  f lov  reeee  or  with  the  atomizer  petitioned  overhead 
in  the  center  of  the  room,  the  distribution  is  somewhat  a ore  unitors 


TAMJt  3>  Transport  of  microbial  particles  for  e  12  ft  distance 
(4*16  ft)  in  simulated  operating  room, 
low  turbulence  ventilation 


Ventilation  procedure 

Particle 
size,  ti 

4  ft  j 
from 

source*  , 

16  ft 
from 
source* 

Particles 

transported, 

V 

End-well  grille:  300  CFM: 
air  currants  parallel 

<  5 

48 

45 

94 

to  long  axis  of  room 

20-30 

39 

J4 

87 

Perforated  ceiling  panels: 
750  CFM,  air  currents 

£  5 

20 

17 

85 

downward  from  ceiling  j 

20-30 

33 

10 

30 

Numbera/unit  vol . 


TABUS  4.  Distribution  of  heterogeneous  aerosol  (12  y  CUD)  in 
simulated  operating  room:  end-wall  grille,  300  CFM; 
atomizer  at  end  of  rooei  beneath  supply  air  inlet. 


- - -1 

Distance  from  i 
source,  ft 

isnTrirw  . 

Aerial 

concentration/! 

Height 
above 
floor,  ft 

Aerial 

concentra  c ion/f  t^ 

4 

301 

2 

253 

8 

259 

3.5 

296 

12 

292 

7 

286 

16 

272 

Overall  distribution:  Averages  281  ±  22 

Individually  281  t  68 


At  this  time  staphylococci  are  of  apecial  interest,  but  the  rela¬ 
tive  Infrequency  of  occurrence  of  airborne  staph  makes  exact  quantita¬ 
tion  of  particle  size  difficult.  However,  long-term  obaervetionz  in 
Britain  by  Noble,  Tidwell  and  others^^,  end  in  Australia  by  Rountree 
and  Beard ( >  indicate  that  the  most  probable  size  of  airborne  par¬ 
ticles  containing  staph  is  in  the  range  10-20  a  diameter. 

One  final  fa^t:  surgical  wound  infection  due  solely  to  aerially 
trznaported  pathogenic  staph  does  occur.  There  are  numerous  reports 
in  the  literature  which  substantiate  this,  but  none  more  definitive 
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then  che  one  by  Dr.  Ctrl  Welter In  this  Instance  there  occurred 
two  postoperative  wound  Infections  attributable  only  to  a  specific  sir- 
borne  stsph;  the  particles  which  carried  it  originated  from  an  indi¬ 
vidual  who  at  no  time  had  direct  physical  contact  with  the  patient,  or 
with  anything  related  to  the  patient. 

Thus  far  we  have  presented  factual  information  regarding  tha 
origin  and  distribution  of  airborne  microbial  particles  greater  than 
10  o  diameter,  shown  that  it  is  probable  that  staph  appear  in  the  air 
in  particles  10-20  u  diameter,  and  stated  as  fact  that  the  aerial 
route  has  been  implicated  in  surgical  wound  infection  by  staph.  How¬ 
ever,  quantitative  information  aa  to  the  exact  importance  of  airborne 
steph  la  very  difficult  to  obtain  --  and  even  to  eetebliah  the  prob¬ 
able  risks  turns  us  from  fact  to  fancy. 

Danger  to  the  respiratory  apparatus  is  accepted  as  a  special 
province  in  the  field  of  aerobiology.  If  there  le  e  risk  to  the  re¬ 
spiratory  apparatus,  considering  airborne  microbial  particles  greater 
than  10  u  diameter,  it  most  probebly  involves  the  upper  portions  of 
the  nasopharynx.  Definitive  data  are  lacking,  but  several  authorities 
active  In  hospitel-acqulred  stephylococcel  infections  have  recorded 
the  belief  that  colonization  of  the  nasopharynx  is  s  significant  factor 
in  the  establishment  of  new  carriers;  other  have  suggested  thtt  colon¬ 
ization  of  the  patient  in  this  manner  furnishes  the  source  of  material 
which  subsequently  infects  the  patient's  own  wound.  Over  SOZ  of  the 
hospital  personnel  may  be  asymptomatic  carriers  of  potentially  patho¬ 
genic  staphylococci.  If  they  serve  as  reservoirs  for  the  initiation 
of  new  carriers  among  themselves  end  among  patients,  then  only  the 
petient  whose  stay  in  the  hospital  is  brief  can  hope  to  escape  be¬ 
coming  infected  or  a  carrier. 

Reflecting  on  other  evidence,  I  believe  it  is  not  rash  to  assume 
that  nasopharyngeal  colonization  can  be  initiated  by  e  single  compe¬ 
tent  staphylococcal  particle  Implanted  at  the  right  piece  at  tha  right 
time*.  On  this  basis,  ve  can  make  some  conjectures  as  to  the  proba¬ 
bility  of  a  patient's  being  colonized  during  pre-operative  stay  in  the 
hospital.  The  pre-surgicel  patient  is  rarely  exposed  to  hospital  per¬ 
sonnel  within  his  room  for  more  then  1  hr/day;  if  50Z  of  the  personnel 


*  See  comments  by  Eichenwald  and  Shinefield  in  discussion  following, 
which  suggests  the  non-validity  of  this  assumption. 
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arc  ccysptoMClc  carrier*,  we  can  act  the  minimum  condition  for  rick 
at  1  par tiele/lO  ft3  of  air. 

In  this  field  of  lew-probability  statistics,  Individual  observe* 
tions  follov  i  loiaaon  dietribusion.  For  the  exposure  of  the  praaur- 
giusl  patient  to  the  low  concentration*  of  particle*  assumed  above , 
employing  the  Pclcson  distribution,  it  i*  predicted  that  the  relative 
frequency  with  which  one  will  find  sample*  of  *ir  of  10  ft^  each  which 
contain  no  particles  i*  numerically  e'*,  where  x  is  the  arithmetic 
mean.  In  thia  instance  the  mean  has  been  assumed  to  be  1-0,  and  about  s 

w  3 

37%  of  the  time  <e"A  multiplied  by  100)  there  will  be  no  particles  in  j 

a  given  volume  of  10  ft-*  of  air,  and  about  63%  of  the  time  we  will  ob-  f 

I 

tain  samples  with  one  or  acre  particle*.  In  Table  S  ia  4  .ven  the  per*  \ 

cent  occurrence  of  samples  with  aero  particles  and  the  occurrence  of 
sample*  with  one  or  more  particles,  for  arithmetic  means  of  1-5.  these  i 

same  relative  frequencies  of  occurrence  and  non-occurrence  apply  to  \ 

the  risk  of  exposure  of  the  patient;  if  10  ft3  of  air  is  taken  as  the  f 

i 

unit  volume,  where  the  average  count  is  one  particle  per  unit  volume,  1 

about  37%  of  the  time  no  risk  will  be  incurred.  The  chance  of  occur-  j 

rence  of  one  or  more  particles  per  unit  of  air  breathed  or  sampled  in-  j 

creases  rapidly  a*  the  average  count  increases;  for  an  average  count 
of  three  particles  the  riak  ia  95%,  which  amour..*  to  statistical 
certainty. 


TABL£  5.  Low  number  particle  counts:  %  observations 
with  aaro  and  with  >1.0  counts; 
Poiaaon  distribution 


Averaga 

count/lO  ft- 

X  observation* 

With  xaro  count 

With  >  1.0  count 

1.0 

36.8 

63.2 

2.0 

13.5 

86.5 

3.0 

5.0 

95.0 

4.0 

1.8 

98.2 

5.0 

0.7 

99.3 

Carrying  these  conjecture*  one  step  further,  we  can  estimate  the 
risk  of  nasal  colonisation  of  the  patient  exposed  to  various  aerial 
concentrations  of  infective  particle*.  Table  6  shows  theae  concentra¬ 
tion*  a*  mean  number*  of  particle*  per  100  ft^  of  air.  Count*  of  thia 
order  for  airborne  staph  have  been  reported;  there  is  alao  indication 
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that  th#  rates  of  colonisation  say  be  chta  grsat  --  but  truly  defin¬ 
itive  information  la  lacking.  It  can  only  be  said  that  these  values 
suggest  that  the  risk  of  colonisation  of  the  pre -surgical  patient  by 
the  aerial  route  may  pose  a  real  threat- 


TABLE  6.  Conjectured  rick  of  naaal  colonisation 
trm  airborne  aicrobiai  per  tic  la* 


Average  aerial  concentration, 
infective  part i. ties/ IDO  ft'  at  Mix 

I  risk  of 
nasal  colonisation 

10 

10 

20 

18 

30 

26 

40 

33 

50 

40 

60 

45 

70 

50 

80 

55 

90 

60 

100 

63 

If  we  assume  that  a  single  infective  particle  can  initiate  the 
diseaae  process,  then  aerial  transport  and  deposition  la  actually  one 
of  the  most  direct  routes  for  the  transmission  of  staph  from  personnel 
in  the  operating  room  to  the  surgical  wound  area.  Tha  individual 
occurrences  follow  a  Poisson  distribution,  and  the  probabilities  of 
occurrences  and  non-occurrence  are  Indicated  in  Table  5.  However,  for 
th*  surgical  wound,  let  us  sec  our  unit  in  terms  of  the  settling  of 

one  particle  on  s  wound  ares  of  1/15  sq  ft,  exposed  for  1  hr.  Thee* 

are  not  improbable  values,  and  were  chosen  because  this  is  the  ares 

and  time  of  exposure  of  the  usual  settling  plate  sample  in  th*  oper¬ 

ating  room.  It  follow*  that  If  we  have  conditions  under  which  infec¬ 
tive  perticles  settle  out  at  the  rat*  of  1.0  psr  wound  area/hour,  then 
about  6X1  of  the  time  on#  or  more  particles  will  deposit  on  an  exposed 
wound,  or  an  exposed  petri  dish  (Table  5).  Please  rsmsaber  these  ere 
independent  probabilities;  s  positive  plats  doss  not  guarantee  e  pos¬ 
itive  wound,  end  vice  vara*. 

More  quantitative  evidence  was  available  for  surgical  wound  in¬ 
fection  then  for  nasal  colonisation.  Computation*  baaed  on  tha  simple 
modal,  compared  with  reported  ui*»  of  infection  ranging  from  2-101, 
indicate  that  the  simple  model  ovtr-est imatss  the  probability  by  about 
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80%.  It  may  be  that  the  infective  particle  deposit#  an  a  receptive 
area  only  20%  of  the  ti aw,  for  example,  an  area  that  la  partially  dry 
or  lacking  full  supply  of  blood;  or  perhaps  the  particle  la  competent 
only  20 %  of  the  time.  The  particle  may  have  to  contain  more  than  one 
bacteria®  to  be  able  to  initiate  infection;  or  ft  may  be  that  only  20% 
of  the  patient*  are  susceptible. 

On  the  basis  of  a  20%  incidence,  and  employing  i  13  u  particle, 
which  settles  at  1.0  fpm,  our  model  can  be  employed  to  indicate  the 
relative  risks  of  wound  infection  unde?  condition*  of  various  mass 
concentrations  of  infective  particles  per  100  ft^  of  air  (Table  7). 
Although  I  will  not  strain  your  credulity  further  by  attempting  to 
document  these  data,  a  few  observations  can  be  made  to  substantiate 
the  general  approach.  For  example,  in  this  country  one  group  of  oper¬ 
ating  rooms  claiming  to  have  a  negltb,*ie  staphylococcal  wound  infec¬ 
tion  rate  reports  a  long-term  sampling  average  of  1.5  coagulase  posi¬ 
tive  staph  per  100  ft-*  of  air,  The  British  experiences  agree  with  the 
conjecture  that  between  12  and  23  infective  particles  per  100  £?-*  of 
air  can  yield  an  infection  rate  of  about  10%,  and  a  reduction  of  the 
overall  bacterial  load  of  the  air  in  these  sane  surgeries  by  a  factor 
of  ten  reduced  the  wound  infection  rate  to  about  1%. 


TABLE  7.  Conjectured  risk  of  wound  infection  from 
airborne  microbial  particles; 
Adjusted  model  for  13  u  diameter  particles 


Average  aerial  concentration, 
infective  particles/ 100  ft^  of  air 

Average  number  of 
particles  settling 
on  wound  in  1  hr 

Risk  of 
infection,  % 

1.25 

0.05 

1 

2.50 

0.10 

2 

3.40 

0.22 

4 

8  8 

0.35 

6 

12.5 

0.50 

8 

17.25 

0.69 

10 

22.75 

0.91 

12 

30 

1.20 

14 

40 

1.61 

16 

57 

2.30 

18 

165 

4.60 

20 

4 


•ji 

I 

i 

i 

a 

i 

j 


Whan  dealing  with  low-probability  events,  we  have  the  old,  old 
problem  of  obtaining  samples  of  sufficient  aise  to  demonstrate  the 
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effect.  T»  refresh  out  memories,  Table  8  presents  the  confidence 
limits  for  the  averages  of  samples  of  100  csr  fewer  cases,  for  true 
mean  rates  of  occurrence  of  10  and  20%.  The  distributions  here  are 
averages  that  follow  a  normal  or  Gaussian  distribution.  there  are  no 
negative  occurrences,  for  real  events,  and  the  diarri but  ion  of  mean# 
is  badly  skewed  toward  zero  --  that  is,  there  will  h*  an  inordinate 
reporting  of  zero  occurrences  far  smsl]  samples,  even  though  the  true 
mean  rate  of  infection  is  10  or  even  20%  This  is  juat  to  remind  ut 
that  is  dealing  with  low  probability  occurrences ,  the  a can  noo-occur* 
ranee  of  an  event  does  not  prove  that  the  true  rate  of  occurrence  is 
zero  any  store  than  individual  non-occurrence  in  a  Poisson  distribution 
proves  that  the  mean  is  zero. 


TABLE  8.  Confidence  limits  for  small  samples,  %  occurrence 


Number  of  cases 
in  sample 

i  True 

mean  rate  of  infection  of: 

10% 

20% 

Lower 

limit 

Upper 

limit 

Lower 

limit 

Upper 

limit 

10 

0 

40 

0 

60 

20 

0 

30 

0 

45 

40 

0 

22 

2.5 

38 

60 

0 

20 

6.7 

34 

BO 

1.2 

19 

7.5 

32 

100 

2,0 

IS 

i 

9 

31 

To  pursue  this  aspect  of  low-probability  statiatica  one  step 
further:  there  has  been  a  great  difference  ia  the  attitude  toward  the 
potential  of  airborne  ataphyioeoccel  infection  of  surgical  wounds  in 
this  country  and  In  Great  Britain.  It  is  claused  Chat  Che  incidence 
in  thia  country  it  no  greater  than  1-1%;  the  British  have  coafeaaed  to 
ea  high  aa  10%.  The  information  In  Table  9  helps  put  these  observa¬ 
tions  into  proper  perspective.  Let  ut  agree  that  the  true  rate  of  in¬ 
fection  in  the  United  States  is  actually  only  1%.  What  chance  have  we 
of  determining  this  by  improving  our  procedures?  If  we  assume  e  1:1 
cause  end  effect  relationship  and  reduce  the  ceuaatloe  by  50%,  m  would 
have  to  collect  2000  cases  before  our  probability  wee  great  enough  to 
be  determined  with  etatitticel  confidence  --  taking  5%  probability  ee 
our  acceptance  level.  For  •  90%  reduction  in  cause,  the  sample  would 

n 


have  to  be  500  cases.  It  should  be  evident  that  if  m  are  telling  the 
truth  In  this  country,  no  Issproveaent  .  rs  our  procedure#  short  oi  907, 
is  going  to  show  <  perceptible  change  in  the  Infection  rate  However, 
look  closely  #t  the  situation  for  Increases  in  causation.  If  our 
present  practices  are  yielding  *  1%  Infection  rate,  relaxation  to  per¬ 
mit  a  doubling  of  causation  will  not  becose  evident  in  samples  much 
smaller  than  S00,  but  a  4-fold  increase  in  causation  will  becosae  evi¬ 
dent  in  samples  smaller  than  100.  A  10-fold  increase  in  causation 
could  be  readily  distinguished  --  and  this  latter  seeas  to  have  been 

the  re- 1st  ■  Vr  jVtVa  5.  I  i  On  of  tiiit  Si  i  t  1 5ii  5  ii  r  irt,  *j  ,iefO»e  it  >  V  i  'll.  yi ,  '  'V  i-  i* 

tneir  personnel  and  ventilation  practices  —  they  claimed  these  changes 
brought  the  staph  wound  infection  race  down  from  10%  to  1%. 


TABLE  9.  Probability  of  distinguishing  a  difference  between 
a  1 .0%  rate  of  infection  and  rate*  of  infection 
resulting  fro®  an  increase  or  decrease  in  the 
cause  of  infection;  a  1:1  cause -and -effect  assumed. 


Probability,  in  %,  of  chance  occurrence  of  a 
difference  as  great  or  greater  than 


Number  of  cases 
In  sample 

that  observed  for : 

50%  ! 
reduction  j 
in  cause  1 

90%  ] 

reduction  j 

itl  cause  | 
* 

2-fold 
increase 
in  cause 

4- fold 
increase 

In  cause 

100 

61.5  I 

*■ — "J - 

36-8  ! 

31.7 

0.27 

200 

47.8  | 

20.0 

15.6 

0.00 

500 

26.3  j 

4-3 

2.4 

0.00 

800 

15.6 

l  i 

0.45 

0.00 

1,000 

11.2  ' 

0.42 

0.15 

0.00 

2,000 

2.4 

0.00 

0.00 

0.00 

In  conclusion,  there  axiata  a  aufficient  body  of  facta  to  prove 
that  airborne  particle*  greater  than  10  u  in  dianeter  containing  in¬ 
fective  aster  la  1  are  shed  by  personnel,  and  chat  chase  particles  can 
be  transported  throughout  tha  rooa  in  which  they  originate.  Further¬ 
more,  the  probable  site  of  the  tlrborna  particles  containing  patho¬ 
genic  staph  it  baewesn  10  tnd  20  u  disaster,  and  surgical  wound  in¬ 
fection  initiated  by  airborne  particles  has  been  proven  to  occup  , 

It  appears  possible  that  largar  airborne  particles  containing 
staph  can  play  a  significant  role  in  nasopharyngeal  colonisation  of 
new  carriers.  Conjecture*  a*  to  the  probability  of  risk  of  initiating 
n«w  carrier*  and  of  surgical  wound  infection  by  airborne  staph 
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indicate  that  such  risks  are  very  real-  However,  it  appaar*  that  i« 
the  well-ordered  or  perhaps  fortunate  hospital,  these  events  have  a 
low  probability  of  occurrence.  As  a  result,  at tempt*  to  quantitate 
these  occurrences  under  these  conditions  will  almost  certainly  be 
fruitless;  only  under  condition*  of  awch  higher  risk  will  these  occur¬ 
rences  bacons  evident. 
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DISCUSSION 

* 

VPTF  :  that  type  of  ventilation  practice*  seesi*  to  be  most  effec¬ 
tive  in  reducing  the  number*  of  lsrge  particle*  in  surgery? 

Keth ley:  The  overhead  ventilstion  seeas  moat  effective,  I  think. 

Scmm  of  you  should  be  fsalliar  with  Dr.  Blower's  work,  where  he 
attempted  t"  get  e  piston  effect.  Unfortunately  the  aost  succeeeful 
piaton  effect  obtained  was  one  thst  brought  in  air  waraer  than 
the  room.  This  practice  has  considerable  drawbacks  but  the  Introduc¬ 
tion  of  air  froa  above  with  minimum  turbulences  does  tend  to  push  th# 

*  VTTF  •  Voice  from  the  floor. 
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larger  particle*  directly  out  the  exit*. 

Shinefield:  four  calculation*  are  bated  on  th*  assumption  that 

a  "hit'1  sear.*  colonisation.  Thi»  say  be  true  for  a  clean  wound.  We 
have  evidence  to  indicate  that  this  it  not  always  the  case  with  coloni¬ 
sation  of  the  nasal  mucosa  or  the  umbilical  stump  of  the  newborn  with 
S'  Our  ana  •  Previous  coltmi*j>tion  of  the**  site*  with  j|.  aureus  inter¬ 

fere*  with  a  "hit"  by  other  coagulate  positjy*  ataphyloeocc i ,  Previous 
colonisation  with  S.  aurqus  probably  represent*  only  one  of  many  boat 
factor  a  that  are  related  to  a  "hit".  These  factors  suite  it  difficult 
to  interpret  the  practical  meaning  of  computations  that  hav«  juat  been 
prevented  - 

Kethtev :  Ibe  point  1*  well  taken.  There  was  simply  no  informa¬ 

tion  I  could  lay  my  he  ids  on  in  the  way  of  quantitation  of  the  prob¬ 
ability  of  colonisation.  As  you  noticed,  I  simply  used  the  raw  firat 
model  computation  for  wound  infection  --  I  have  a  number  of  models  *« 
this  is  the  one  l  chose.  There  was  a  fair  amount  of  quantitation  avail¬ 
able,  still  the  model  wee  wrong  by  a  factor  of  807.  I  am  aure  If  we 

had  similar  information  for  colonisation  we  would  find  a  similar  error 
in  any  such  model  that  we  might  project  only  for  the  purpose  of  having 
some  numbers  to  kick  around. 

Eiehqnwald:  To  elaborate  on  Or.  Siinerieid's  comments  this  was 
primarily  his  work,  but  by  using  the  newborn  infant,  where  one  does  not 
have  the  problem  of  pre-colonisation,  it  can  be  shown  that  the  naso¬ 
pharynx  actively  rejects  colonisation,  and  that  It  takes  in  the  range 
of  500  organisms  or  more  to  produce  colonisation  in  more  than  half  the 
infants  while  with  the  umbilical  stump  one  can  achieve  e  high  coloni¬ 
sation  rate  with  as  few  as  three  or  five  staphylococci.  The  second 
point  of  great  interest  to  me  is  this:  those  of  us  who  have  been  in¬ 
terested  in  nursery  epidemiology  es  compared  to  operating  room  epidemi¬ 
ology  have  found  it  is  very  difficult  to  agree  on  what  the  Important 
factors  are.  We  went  from  having  extremely  poor  nurseries,  where  it 
is  very  eeay  to  demons  trite  airborne  infection,  to  very  good  nurseries 
where  it  wes  very  difficult  to  deocnatrate  airborne  infection.  1  think 
whet  Prof  Kethley  ha*  shown  through  distribution  curves  is  precisely 
what  one  would  expect;  at  one  end  of  the  scale  It  is  quite  easy  and  at 
the  other  end  of  the  scale  it  takes  hundreds  and  hundreds  of  observa¬ 
tions  to  show  the  same  thing 

Middlebrook:  I  am  worried  about  two  points  there.  One,  the  con¬ 

cept  of  your  Infection  efficiency;  in  your  actual  experiments  relative 
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Co  a  *lnglc  bacterid  cell  of  staphy lococc l  -*  doe*  It  alto  give  rt(e 
to  a  colony  and  how  often?  Two,  in  view  of  the  experimental  observa¬ 
tion  chit  staphylococci  on  dust  particle*  may  Initiate  infection  much 
■ore  efficiently  than  ataphy iococci  not  on  a  piece  of  duat  --  then  X 
wonder  wiiat  bearing  this  has  on  the  experimental  data  you  presented 
here.  Didn't  you  ectuelly  have  staphylococci  on  pieces  of  duat  or  did 
you  nebulise  them  free  of  duat,  in  the  air?  What  effect  c-ouid  this 
have  on  the  reletionship  between  numbers  of  organisms  per  particle, 
where  only  one  colony  has  been  detected?  You  eight  hsve  had  as  many  aa 
40  organisms  in  that  particle.  It  seems  to  me  that  emphasis  on  these 
data  is  no  less  important  than  emphasis  on  the  mathematical  eapects 
describing  where  you  ere  on  a  distribution  curve  of  probability.  Have 
you  studied  any  of  these  matters  in  other  experimental  conditions  avail¬ 
able  to  you? 

Kethley :  As  far  ea  distribution  of  colonisation  from  staphylo¬ 

cocci  is  concerned,  we  encountered  various  teat  problems.  Regarding 
the  matter  of  infectivity  of  ataph  on  a  duat  particle,  I  assume  you  ere 
referring  to  the  "irritant"  theory  —  that  it  requires  stsph  to  have 
some  irritant  material,  the  suture  in  the  wound  or  something  similar. 

We  are  actually  carrying  out  studies  along  this  line.  Without  going 
into  any  of  the  details  of  the  probleau  of  getting  sufficient  mimbera 
to  make  any  speculation,  the  matter  of  just  plain  probability  of  where 
«  particle  lands  on  s  wound  area  seems  more  important.  With  particles 
riding  on  non-irritant  materials  we  ere  getting  infections  at  lower 
numbers  than  say  with  a  plain  suture.  This  is  carrying  infection  by 
the  airborne  route.  As  to  the  growth  of  microorganisms  and  sampling 
of  air,  most  of  the  data  in  the  hoapital  are  taken  from  solid-surface 
samplers.  Certainly  there  are  factor*  of  error  here  as  great  as  10 
because  of  widespread  use  of  selective  media.  Such  madia  will  not  dem¬ 
onstrate  ell  the  atephy Iococci,  which  makes  it  very  difficult  to  get 
quantitation.  The  matter  of  organisms  per  particle:  this  is  merely  a 
matter  of  conjecture  as  1  see  it.  The  definition  of  what  la  a  compe¬ 
tent  particle  may  concern  the  number  of  organisms-  Again  it  la  ex¬ 
tremely  difficult  to  get  Information  on  the  occurrence  of  theae  par¬ 
ticles,  if  you  simply  are  not  fortunate  eiough  to  have  a  shedder  among 
your  personnel.  The  number  of  bacteria  per  particle  may  be  the  factor 
in  this  SOX  over-estimate.  It  may  be  thst  only  the  very  large  particle# 
ere  carrying  a  sufficient  number  to  initiate  the  action.  At  present 
we  are  working  with  on«  cell  per  particle  as  a  model.  It  is  actually 


a  tremendously  time-consuming  Job.  When  you  it*  walking  with  animal* 
you  must  identify  the  strain  you  go  in  with,  dies  you  must  identify 
all  of  the  attain*  in  the  animal,  and  if  one  of  theae  strains  that  the 
animal  carriaa  turn*  out  to  be  the  same  atrain  you  went  in  with,  well, 
then  that  animal  ia  no  gool. 

Goldberg :  With  respect  to  selective  n^die  in  hospital  studies, 

we  have  one  test  on  polymixiu,  and  staph  wee  completely  resistant  to  the 
use  of  up  to  500  ug  Ait  against  an  aged  aerosol  in  a  mixed  humidity 
range  you  can  demonstrate  inhibition  as  low  as  3*10  ug/»l.  So  you  very 
definitely  must  evaluate  selective  media  against  s  potentially  Injured 
or  aged  aerosol,  and  you  can  get  far  greater  than  a  10-fold  change  in 
your  estimate. 

Harper :  What  was  the  source  of  these  dust  particle*  in  all  of 

your  studies?  Do  you  think  they  are  coming  from  the  nose  of  the  pharynx 
of  carriers,  or  have  you  considered  the  skin  carriers? 

Kethley:  I  assume  that  the  majority  are  from  tho  skin  carrier*. 

VFTF:  1  would  like  to  hear  what  Or.  Eichenwald  has  to  say  re¬ 

garding  nurseries  when  it  come#  to  skin-  and  nasal-generated  tracts- 
miss  ion . 

Eichenwald:  In  a  regular  nursery  idtere  one  deals  with  a  variety 

of  different  situation*  as,  for  instance,  infant  to  infant  transmis¬ 
sion,  I  think  It  is  very  clesr  that  infection  may  occur  from  organisms 
generated  from  the  nose  and  ia  airborne,  and  that  one  is  dealing  with 
rather  small  particles  Then  there  is  ample  evidence  that  there  are 
carriers  who  cannot  be  detected  by  routine  methods  of  culture.  A 
nurse  can  infect  an  infant  while  she  herself,  by  the  technique*  w*  can 
employ,  is  not  a  carrier  of  staphylococci.  She  carries  such  small  num¬ 
bers  that  these  cannot  be  picked  up.  Whether  she  carries  them  in  her 
nasopharynx  or  or.  her  skin  or  clothing.  I  don't  know.  I  would  guess 
thst  in  the  nursery  situations,  one  deal*  both  with  the  single  organ¬ 
ism,  snd  under  other  circumstances  with  very  large  particles  containing 
large  numbers  of  organisms. 

Sh tnef le id :  In  attempting  to  demonstrate  the  relative  role  of 

airborne  staphylococci  Infection,  we  reduced  the  number  of  S-  aureus 
in  the  environment  in  a  controlled  observation  by  ultraviolet  light 
and  studied  colonisation  rates.  We  also  increased  the  number  of 
aureus  in  a  nursery  environment  by  reducing  sir  changes/hr  Although 
the  numbers  of  S  aureus  recovered  from  the  environment  could  be 
altt.'ed  by  these  techniques  the  rate  of  colonisst ion  of  infants  did  not 
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appreciably  change,  Itoi#  would  indicate  that  the  role  of  air  trans¬ 
mission  in  colonization  of  the  infant  teeas  to  be  Halted. 

VTTf  t  I  asight  relate  an  experience  srs  had  aa  ts  the  role  of  air* 
borne  and  skin-contamination  where  nurses  and  graduating  students  ait 
in  on  the  surgical  roots  of  poat-operativ*  patients  to  learn  techniques, 
and  we  just  record  breaks  in  technique.  It  is  of  interest  that  the 
breaks  in  technique  were  in  direct  proportion  to  the  extent  of  academic 
achievement  —  the  professors  were  the  ones  spreading  store  organism!, 
at  leest  to  far  as  our  measurements  indicated,  and  right  down  the 
ladder;  the  resident,  the  intern  and  medical  students  and  finally 
nurses,  the  nurses  were  the  ones  with  the  best  techniques.  These  are 
things  that  would  bear  some  qualitative  measuring  once  they  get  ovt  of 
the  operating  room. 

VTTF :  I  would  like  to  comment  on  the  f ive 'hospital,  ultraviolet 

light  evaluation  study  that  has  been  completed  by  the  National  Academy 
of  Sciences  and  National  Research.  This  was  an  attempt  to  evaluate  the 
use  <->f  full  operating  room  ultraviolet  irradiation  to  reduce  the  inci¬ 
dence  of  post-opei  stive  wound  Infection.  You  may  be  familiar  with  Dr. 
Hart's  ultraviolet  aet-up  at  Duke  University  since  around  1936.  This 
was  an  attenspc  to  do  a  double-blind  study,  aa  it  were,  of  five  hos¬ 
pitals  over  roughly  a  4-yr  period.  A  total  of  something  like  15,000 
surgical  procedures  were  performed,  and  the  substance  of  the  study  was 
that  with  intense  ultraviolet  irradiation,  bacteria  settling  on  set¬ 
tling  plates  wet e  definitely  reduced,  anywhere  from  40-60%  between  the 
control  and  the  ultraviolet  lighted  room,  but  the  over-ail  wound  infec¬ 
tion  rate  was  not  changed  at  all.  There  was  a  alight  decrease  in  post¬ 
operative  infection*  in  the  refined  clean  surgical  procedure*,  some¬ 
thing  Ilka  3,8-2.61,  but  in  all  other  categories  of  surgical  operations 
there  were  no  effects  comparative  to  irradiation.  In  fact,  in  the  con¬ 
taminated  operation*  (grossly  contaminated  by  cutting  aero*#  abscessed 
area*  and  across  bowels)  there  waa  an  increase  in  post-operative  wound 
infection  rate  in  th*  UV  irradiated  rooms  over  the  control  rooms.  Not 
a  statistical  increase,  but  it  waa  a  noted  true  increase  throughout  all 
of  the  hospitals.  1  suppose  th*  studies  of  Dr.  Mortimer  in  Cleveland 
should  also  be  mentioned,  where  in  aoaa  instance*  th#  infant  evidently 
wet  not  th*  disseminator  of  an  unusual  parasite  or  staphylococci,  but 
where  the  nuraa  definitely  transmitted  the  Infection  from  newborn  in¬ 
fant  to  newborn  infant,  Aa  already  mentioned,  the  definition  of  a 
disseminator  i*  most  important  whan  talking  about  method*  of  staph 


infection  spread  in  hospitals. 

Wlf '.  Wist  was  the  incidence  of  wound  infection  the  study 

presented? 

VHT:  Over-»H  incidence? 

V n?:  Ho;  you  mentioned  two  groups  —  one  with  UV  and  one 

without . 

VFXF;  Something  like  7. 4-7. 5%  --  it  was  ia  that  particular 

range. 

Elcherswaid :  1  think  it  should  be  pointed  out,  however,  that 

Dr.  Mortimer's  data  are  considered  by  most  people  ss  invalid  because, 
instead  of  carrying  out  a  study  for  24  hr/dsy,  the  controlled  obser¬ 
vations  were  only  csrried  out  for  ..wo  of  the  three  nursing  shifts. 
Any  reviewer  would  have  rejected  a  paper  on  that  basis.  I  don't  think 
any  conclusions  csn  be  drawn  from  these  data  and  they  should  not  be 
cited  as  an  example. 


Prcc.  First  Intern.  Symp.  Aerebfol.,  Berkeley,  Calif,,  1963 
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Dentistry  is  performed  in  the  souths  of  humane  by  humans  using 
instruments  capable  of  disseminating  contents  of  the  oral  cavity  as 
well  as  organic  and  inorganic  debris  produced  by  dental  procedures. 
The  concept  that  most  human  infectious  disease  cesses  from  other  human 
beings^  is  one  of  particular  interest  and  importance  to  all  dentists. 
The  dental  operating  room  or  clinic  represents  sn  environment  utilised 
by  two  or  more  humans,  who  may  be  either  sources  or  recipients  of  in* 
fectioos  microorganisms.  Dental  treatment  combines  humans  with  natural 
and/or  artificial  modal  capabilities  for  che  transmission  of  infectious 
disease  agents. 

The  incidence  of  infectious  disease  resulting  from  personal  con* 
tact,  fomite,  or  aerosol  exposure  in  t  dental  office,  clinic  or  lab* 
oratory  presently  cannot  be  stated  due  to  the  infrequent  and  often 
obscure  reporting  of  such  cases  in  the  literature,  The  professional, 
ethical,  social,  and  medical-legal  aspects  of  such  reporting  are, 
perhaps,  significant  deterrents.  Nevertheless,  there  hove  been  cases 
reported  in  the  open  literature  or  elsewhere  where  the  health  of  the 
dental  patient  or  operator  has  been  adversely  affected  concomitant  to 
receiving  or  providing  dental  haalth  care. 

Foley  and  Gutheim^  in  1956  reported,  "of  22  casas  of  sarum 
hepatitis,  IS  (or  68%)  were  due  to  exposure  st  the  dentist's."  It  must 
be  added  that  3  of  the  15  cases  died  ss  •  result  of  thalr  infection. 
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Salsman  and  Appleton^  reported  31  dentists  end  1  dental  hygienist 
who  contracted  non-ven*re*l  syphilis  while  they  were  providing  dental 
health  aervleea.  For  decades,  ayph Ills  haa  been  known  at  a  systemic 
disease  which  may  be  transmitted  by  dental  procedures Hs®brick 
at  al.^  reported  th*  presence  of  primary  herpes  simple*  lesions  on 
the  hands  of  medical  personnel;  he  cites  the  cast  of  e  dentist  who 
was  Infected  after  contact  with  an  Infected  patient.  Cuthbetson^- 
reported  that  11.2%  of  the  dentlets  included  in  e  survey  of  838  den¬ 
tists  who  died  in  the  United  States  in  1952  died  of  sensory  organ  or 
nervous  system  diseases  attributable  to  poliomyelitis.  In  1952,  the 
polio  mortality  rate  for  the  general  male  population  was  0.03%^, 
Cuthber son  speculated  that  poliomyelitis  may  have  been  an  occupational 
hasard  of  dentists  due  to  their  intimacy  with  the  respiratory  tract 
of  their  patients.  At  the  University  of  California  Medical  Center, 
San  Francisco^),  a  review  of  student  health  records  for  the  years 
1957-1962  indicated  that  University  of  California  dental  students  had 
150-190  dispensary  visits  per  100  students  per  year  for  treatment  of 
respiratory  infection,  whereas  medical  and  pharmacy  students  of  the 
same  campus  had  40-140  visits  per  100  students  per  year.  With  the  ex¬ 
ception  of  2  included  years,  the  dental  students  had  a  higher  rate  of 
conversion*  to  positive  tuberculin  skin  test  than  did  medical  and  phar¬ 
macy  students.  In  one  class,  42.8%  of  the  dental  students  who  were 
tuberculin  negative  at  the  beginning  of  their  dental  education  con¬ 
verted  to  tuberculin  positive  when  tested  in  their  senior  year. 
Thompson  et  al.^-  reported  the  occurrence  of  patient-to-pstient 
transmission  of  viral  hepatitis  and  upon  further  investigation  of 
hospital  records  found  three  more  cases  of  hepatitis  where  the  probable 
modes  of  infection  were  dental  procedures.  California  State  Department 
of  Public  Health  records  list  separate  instances  of  an  oral  surgeon 
end  s  dental  assistant  who  concractad  viral  hepatitis  while  performing 
dental  surgery  for  patients  having  this  disease. 

the  dentist  works  directly  with  the  hard  and  soft  oral  tissues  of 
several  patlenta  each  day^**^.  In  the  mouth,  he  contacts  saliva 
and  debris,  which  have  high  microbial  contant^3>!4)  comprised  of  the 
cossnon  oral  flora  and  any  pathogenic  organ  isms  shed  to  the  mouth  In 
diseases  involving  the  salivary  glands,  oropharyngaal  lymphatic  tissues 
and  respiratory  ayseam,  l.e.,  mumps,  streptococcus  Infections  and 
tuberculosis.  Blood-  or  tissue-borne  microorganisms  can  be  shed  to  the 
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mouth  a*  a  result  of  the  surgical  trauma  caused  by  dental  instruments- 
tion  In  addition  to  the  "natural"  shedding  of  organisms  into  the  mouth. 
The  significance  of  introducing  infectious  agents  into  an  operating 
site  ten  hardly  be  questioned,  but  the  sigtsif icanee  of  the  shedding  of 
infectious  agents  fr cm  a  dental  surgical  wound  or  operative  site  has 
been  virtually  unexplored. 

The  dentist  i*  seldom  required  to  treat  a  patient  during  the 
acute  phase  of  an  infectious  disease.  However,  dental  care  say  be 
provided  for  the  asymptomatic  patient  who  hat  a  viremia  or  respira¬ 
tory  infection,  with  neither  the  patient  nor  the  dentist  being  aware 
of  the  potential  hazard  of  infection,  there  is  Increasing  concern  for 
the  fact  that  several  viral  diseases  have  viresic  phase#  in  their 
pathogenesis^^  .  Viremias  may  exist  in  the  ywptomatic  carrier^®} 
during  the  prodromal  state,  during  frank  clinical  Illness,  and  for  pro¬ 
longed  periods  of  tine  after  the  abetement  of  cymptoma. 

Few  people  would  choose  to  manipulate  the  contents  of  the  oral 
cavity  as  a  dentist  usually  doei  without  the  use  of  protective 
clothing  or  equipment,  i.e.,  gloves,  gowns,  tongue  blades  and  masks. 
Few  aerobiologiats  would  take  a  random  sample  of  saliva,  hemorrhage, 
and  tissue  debris  of  any  description  and  atomize  it  6-18"  from  hi# 
nose  and  mouth  with  an  air  ayringe,  rotary,  or  vibrating  instrusaent 
without  taking  special  precautions  to  prevent  the  inhalation  of  this 
materiel  and  the  contamination  of  hi#  person  and  environment.  The 
dentist  usually  steps  back  when  the  patient  sneezes  or  coughs,  then 
bends  over  his  patient  --  air  syringe  in  hand  --  blows  the  operating 
area  dry  again  and  resumes  hla  work.  The  association  of  oral  cavity 
contents  with  aeroaol  production  is  not  fraquently  recognised  by  the 
dentist  as  anything  more  chan  a  nuisance  requiring  the  operator  to 
clean  hla  glsaaea  frequently  while  operating. 

The  thorough  dental  examination  of  an  oral  cavity  with  just  a 
mouth  mirror  and  explorer  frequently  includes  tha  puncture  or  lecer- 
ation  of  the  gingiva.  When  a  carious  tooth  la  being  prepared  for  a 
raatoratlon,  there  ere  particles  of  sound  tooth  acructura,  decayed 
tooth  debris,  and  frequently  old  filling  material  atomized  by  rotating 
cutting  instruments  and/or  air  and  watar  sprays.  Concomitantly ,  soft 
tissue  laceration  and  trauma  occur,  raaulting  in  hemorrhage  and  tissue 
fluid  aeepegs  at  the  operating  site.  The  resultant  slurry  comprised 
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of  saliva,  tooth  structure,  dec ayed  material,  filling  and  base  sstar- 
lala ,  hemorrhage  and  tissue  fragments  is  often  mixed  end  thinned  with 
water  and  blown  or  flushed  from  the  field  by  air,  water,  or  else  aprtiya 
If  tiiia  material  is  evacuated  from  the  mouth,  the  suction  device  often 
exhaust#  directly  into  the  operating  rot®  air.  If  a  reasonably  dry 
field  of  operation  is  maintained  by  the  use  of  a  rubber  dass  or  intra- 
oral  auction  device,  the  debris  is  routinely  blown  from  the  operating 
field  by  a  blast  of  air.  Sesidea  the  hazards  of  infection  from  viable 
particles,  scan*  indication  of  the  possible  effect  of  aon-viable  par¬ 
ticles  upon  the  health  of  the  dentist  has  recently  been  published  in 
the  Journal  of  the  American  Dental  Association  wherein  one  dentist 
(who  wished  to  remain  anonymous)  reported  that  he  had  contracted  sili¬ 
cosis  due  to  inhaling  particle*  over  «any  years  while  performing  dental 
and  technical  procedures'^.  There  also  has  been  reported  a  case  of 
mercury  poisoning  requiring  hospitalization  and  treatment  for  a  flavy 
dentist,  an  illness  resulting  from  hi*  inhaling  silver  amalgam  dust 
generated  by  the  air  turbine  handpiece  during  removal  of  old  amalgam 
restorations  from  the  teeth  of  patients^*®). 

In  oral  surgery,  high  speed  rotating  cutting  instruments  are  some¬ 
times  used  to  resect  a  tooth  preparatory  to  its  removal.  Frequently, 
after  reflecting  Che  mucoper iosteum,  high-speed  cutting  instruments 
are  also  used  to  disect  bone  for  removal  of  root  tips,  foreign  bodies, 
and  various  types  of  pathological  tissue  from  the  mandible  and  max¬ 
illae.  The  splattering  of  the  environment  by  blood  and  tissue  debris 
is  a  common  occurrence  in  such  operations,  as  is  attested  by  the 
spotting  of  clothing  and  glasses  worn  by  the  operator  and  his 
assistant.  If  hemorrhage  and  tissue  debris  from  the  surgical  wounds 
that  contain  infectious  agents  is  splattered  or  atomized,  such  debris 
could  infect  members  of  the  dental  health  team. 

As  of  1959,  there  were  6,688  dental  laboratories  in  the  United 
f  191 

States  .  Dental  laboratories  are  additional  locations  where  en¬ 
vironmental  and  personal  contamination  may  occur  because  of  the  act 
of  manipulating  impressions,  prosthetic  appliances,  and  other  tech¬ 
nical  components  frequently  utilized  in  providing  dental  care.  These 
components  often  are  sent  directly  from  the  mouths  of  patients  in 
the  dental  operating  room  to  the  dentsl  laboratory.  Decontamination 
procedures  tre  not  universally  employed  to  prevent  the  transfer  of 
infectious  agents  to  the  dental  laboratory  via  these  fomites.  In  the 
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laboratory,  the  technical  component  or  prothesi*  i«  frequently  inter¬ 
mixed  with  these  also  being  processed  from  the  souths  of  other  patient*. 
When  laboratory  processing  is  completed,  component*  ere  returned  to 
the  various  dental  facilities  from  which  they  originated.  Again,  de¬ 
contamination  procedures  are  not  universally  used  to  prevent  potential 
infectious  material  on  these  objects  when  they  leave  the  dental  labora¬ 
tory,  anu  presumably  present  whan  they  arrive  in  the  dental  operating 
room  or  clinic,  from  being  transferred  to  the  patient’s  mouth. 

There  has  been  much  consideration  given  to  microbial  air  contam¬ 
ination  and  the  airborne  mode  of  disease  transmission  among  hospital 
patients  and  staff.  Perhaps  equal  consideration  should  be  given  to 
microbial  air  contamination  and  the  airborne  mode  of  disease  transmis¬ 
sion  in  a  dental  facility  and  its  effect  upon  dental  patients  '  d  the 
dental  health  team.  There  might  well  be  the  same,  or  greater,  rela¬ 
tionship  of  air  contamination  in  the  environment  uaed  to  provide 
dental  care  to  the  health  end  well-being  of  dental  patients  and  staff 
as  the  established  relationship  of  microbial  air  contamination  in  hos¬ 
pitals  to  the  health  and  well-being  of  hospital  patients  and  staff. 

It  is  not  uncommon  to  find  dental  care  and  dental  educational 
facilities  physically  linked  to,  or  located  within,  medical  facili¬ 
ties.  Beth  advantages  and  disadvantages  of  uncontrolled  or  inadvertent 
intermixing  of  the  air  in  such  Single  structures  of  combined  purpose 
might  well  be  reviewed  and  evaluated. 

A  t»cent  survey  ha*  shown  chst  34.52  of  -he  hospitals  in  the 
United  States  have  dental  facilities^2®* .  There  is  *n  increasing 
demand  being  placed  upvt  the  dental  professian  to  provide  more  dental 
health  care  for  the  aged*2**,  the  chronically  ill  or  debilitated*22* 
and  the  institutionalised  or  home-bound  patient*2^*.  The  problems  of 
controlling  aerosol  production  or  aerosol  distribution  and  exposure  in 
such  unique  environmental  situations  may  present  even  greater  potential 
difficulties  than  those  found  in  the  more  usual  dental  office  or  clin- 
eai  situation. 

Dentistry  is  more  commonly  provided  in  private,  self-contained 
dental  offices  and  clinics  on  an  out-patient  basis.  At  present,  there 
ere  some  91,000  dentists  practicing*24*  with  the  aid  of  some  100,000 
auxiliary  personnel  including  dencsl  assistants*25*,  laboratory  tech¬ 
nic  ians  *2b* ,  and  dental  hygienists*25*  in  several  thousand  different 
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locations,  providing  for  the  dental  health  demand*  of  Bots  than  1S9 
million  people  In  the  United  States*2^*.  An  estimated  2S8.5  million 
dental  treatments  were  provided  annually  In  the  United  States  fro® 
July  m?-June  1959(28). 

"Hie  prospects  for  increasing  the  nuasber  of  dentists  graduated 
annually  are  not  great.  To  compensate  for  the  increased  services  to 
be  demanded  of  the  dental  profession  in  the  future,  it  has  been  pro¬ 
posed*23'  that  the  number  of  ancillary  personnel  ut lilted  be  increased 
and  their  duties  expanded  to  permit  the  dentist  to  provide  cote  dental 
care  per  patient1**"'- .  Possibly  more  than  200,000  core  extensively 
trained  dental  assistants  will  be  required  in  the  foreseeable  future 
to  help  the  dental  profession  fulfill  the  need*  of  its  services.  Cor¬ 
respondingly,  an  increase  in  total  number  and  expansion  of  individual 
duties  for  both  dental  hygienists  and  laboratory  technicians  say  be 
anticipated . 

The  moral  and  legal  obligation  to  provide  all  reasonable  pro¬ 
tection  for  his  employed  auxiliary  personnel  rests  with  the  dentist. 
As  he  employs  more  paradental  personnel,  his  responsibilities  and 
liabilities  will  als**  Increase.  One  may  safely  predict  that  in  the 
foreseeable  future  more  than  300,000  people,  both  professional  and 
auxiliary  personnel,  will  be  involved  in  providing  dental  health  ser¬ 
vices,  directly  or  Indirectly,  for  our  ever-growing  population. 

Considering  Che  magnitude  of  present  and  future  demands  upon 
the  entire  dental  profession  to  provide  dental  health,  care,  both  the 
dentists  and  his  auxiliary  personnel  will  benefit  from  a  better  under¬ 
standing  of  the  role  of  aerobiology  in  dentistry.  They  may  then  better 
protect  their  health  and  well-being  as  well  as  that  of  their  patients. 
To  assist  the  dental  profession  and  dental  education  in  achieving  this 
objective,  heavy  reliance  must  be  placed  upon  the  knowledge  and  exper¬ 
ience  of  aerobic-legists  as  well  as  other  medical  and  public  health 
«pecia  1  i  t  ies  .  This  will  provide  dentistry  with  a  better  definition  of 
the  risks  of  exposure  to  infectious  and  toxic  aerosols  produced  in  the 
dental  operating  room,  teaching  clinic  and  laboratory  environments. 
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DISCUSSION 

L .  Miller:  A  study  was  performed  by  Naval  Medical  Research  Unit 
No.  4  at  Great  Lakes  concerning-  the  incidence  of  acute  respiratory 
disease  in  dentists  and  their  technicians  in  relation  u  the  types  of 
patients  they  were  taking  care  of.  Dentists  arid  Che  assistants  taking 
care  of  recruits  in  their  first  4  weeks  of  training  had  a  rather  high 
percentage  of  respiratory  infection  compared  to  those  taking  care  of 
the  older  recruits.  It  certainly  illustrates  the  problem  involved  in 
protecting  dentists  and  technicians  when  they  are  caring  for  patients 
wh  .<  have  acute  respiratory  disease.  Further,  assistants  caring  for 
recruits  had  fewer  instances  of  respiratory  disease  than  dental 
of  f icers  . 

Mazzarei la :  Ii  assistants  have  iess  disease  than  dental  officers, 
is  that  because  they  are  less  dost  to  the  patient. 

Bu  r : .  ■  n  Perhaps,  aisn  perhaps  it  :s  because  a  dentist  is  always 

present  in  the  immediate  area  of  operation,  while  frequently  the  as¬ 
sistant  will  be  away  from  the  chair  for  varying  periods  ot  time.  Per¬ 
haps  ther<  is  a  time  factor  involved  with  expos. iri  and  resultant 
intw  t .  or.. 

Majizan  1  la  :  Perhaps  another  reason  might  be  that  the  dental  as¬ 

sistant  has  been  through  boot  camp  for  some  times,  whereas  dentists  are 


relatively  new  to  the  ceap,  1  know  of  instances  where  til  the  dental 
officers  for  «  section  of  the  camp  were  ill  with  respiratory  disease 
at  the  same  tine. 

VTTF *;  I  wonder  if  any  thought  haa  been  given  tc  the  wearing  of 
any  kind  of  mask?  Has  this  thought  been  proposed  or  considered? 

Burton:  Yes;  however,  other  approaches  might  be  as  effective 

and  more  t-  .thetically  satisfactory.  We  have  conducted  preliminary 
testa  on  only  one  type  of  mask,  so  1  can  only  give  you  limited  infor¬ 
mation.  The  mask  happened  to  be  of  the  type  issued  to  the  dental 
students  at  the  U.  G,  School  of  Dentistry  in  San  Francisco.  It  was 
found  to  be  ineffective  in  filtering  out  1-5  u  particle#  when  it  was 
placed  over  the  Intake  orifice  of  the  Andersen  Sampler. 

Kn  raze ft :  Air  screening,  and  other  things,  I  am  sure,  would  be 
applicable. 

Burton:  Yes;  perhaps  the  study  of  means  of  preventing  the  dis* 

tribution  of  air  within  and  from  environments  used  for  dental  diagnosis 
and  treatment  would  fall  in  the  realm  of  microaeteorology . 

Kef.hley:  I  think  it  would  be  interesting  to  note  that  even  with 

the  aerosol izat ion  problem,  as  you  presented  it,  the  incidence  of  dis¬ 
ease  is  not  great.  Apparently  humans  are  a  highly  resistant  population. 
It  is  therefore  difficult  to  understand  or  to  study  mechanisms  of  infec¬ 
tion  when  you  have  these  high  levels  of  exposure. 

Burton:  This  is  true.  I  think  one  of  the  problems  of  under¬ 

standing  what  is  going  on  may  be  related  to  a  scarcity  of  reports.  A 
great  deal  of  effort  and  time  is  required  to  publish  and  distribute  in 
the  open  literature.  Then  someone  must  tabulate  the  several  reports. 

It  is  interesting  to  notp,  however,  that  in  the  days  when  communication 
was  not  as  efficient  as  today,  more  information  of  this  type  was  pub¬ 
lished.  As  communication  has  improved,  and  our  social  and  legal  re¬ 
sponsibilities  have  changed,  we  find  fewer  instances  reported. 

Harper  ;  i  want  to  ask  a  very  simple  question.  Has  any  air  sam¬ 
pling  been  carried  out  during  dental  operations  to  show  that  there  is 
an  increase  in  microbial  bearing  particle  counts  over  normal  counts 
during  dental  operations? 

Bu r t on  :  Yes,  there  has.  In  the  next  paper  to  be  presented,  Bob 

Mil’er  will  report  what  we  have  done  to  date. 

Morton :  The  associated  fact  strikes  ne  as  quite  odd.  1  am  in¬ 
terested  here  from  the  medical  viewpoint ,  Not  only  dental  lesions, 
but  lesions  generally  in  the  mouth,  seem  to  cause  very  little  trouble. 
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Why  is  Chi*"  Is  it  the  snout h  environsisiit  --  you  can't  really  clean  it 
up,  ym  know  —  you  can’t  bandage  it  --  sad  you  normally  get  away 

without  an  infection;  why  is  this! 

fiur c ca ;  These  are  good  questions.  the  difficulty  associated 
with  recogriir  irtg  intra-orsi  signs  of  pathology  »*y  be  related  to  the 
dilution,  abrasion,  and  removal  of  debris.  This  could  alter  the  gross 
clinical  expression  of  pathology  observable  in  or  na  other  tissues  of 
the  body.  The  bactericidal  effect  of  saliva  has  bean  cheeked,  and  ac¬ 
cording  to  some  reports  in  the  literature,  has  been  found  to  !“  insig¬ 
nificant.  Whether  a  composite  eoiony  of  microorganisms  resides,  is 
nourished,  and  multiplies  in  the  oral  cavity,  but  is  not  recognised  a* 
similar  in  form  to  pathological  situations  seen  in  or  on  other  tissues, 
is  not  really  known.  Whether  other  events  occur  that  might  mask  or 
alter  the  expression  of  signs  or  symptoms  --  these  are  things  that 
one  may  only  speculate  upon,  for  little  is  known.  Why  several  species 
of  microorganisms  that  enter  the  body  through  the  oral  cat  i.y  or  it* 
tissues  do  not  produce  symptoms  at  the  site  of  inoculation  is  'Iso 
unknown.  Greater  research  activity  lc  obviously  needed  to  improve 
our  understanding  of  the  several  factors  involved. 
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AEROSOLS  PRODUCED  BY  DENTAL  INSTRUMENTATION 


R.  L.  Miller,  W.  E.  Burton,  end  R,  W.  Spore 

School  of  Dentistry 
University  of  Celif ornie 
Sen  Francisco 


Occupecionel  hazards  form  en  integrel  pert  of  the  practice  of 
dentistry.  Examples  of  such  hazard*  ere  the  cerdiovesculer  sequellae, 
postural  maladies,  radiation  and  traumatic  injuries,  allergies,  poison¬ 
ings,  and  infections  suffered  by  the  members  of  the  dental  health 
team^'*.  Our  interest  has  been  in  hazards  of  infection. 

Primarily,  the  dentist's  risk  of  infection  manifests  itself  by 
two  routes.  The  first  is  by  contact,  best  illustrated  by  the  eases  of 
non-vetiereal  syphilis'1-1  and  viral  hepatitis^)  contracted  by  dentists 
and  their  ancillary  personnel  as  a  result  of  digital  manipulation  of 
the  oral  tissues  of  an  infected  patient.  The  second  la  by  the  airborne 
route.  Because  of  his  proximity  to  the  patient's  face  while  operating, 
the  dentist  is  exposed  to  any  respiratory  pathogens  disseminated  by 
the  patient.  We  speculate  that  he  is  further  jeopardized  by  exposure 
to  microbial  aerosols  generated  by  the  uae  of  his  instruments  in  tha 
patient ' s  mouth . 

In  the  practice  of  dentistry,  the  dentist  often  applies  rotating 
instruments,  and  air  ana  water  sprays,  to  the  contents  of  the  patient'a 
mouth.  As  a  result  of  theae  applications,  microorganisms ,  tissue  frag¬ 
ments,  dental  restorative  materials  and  oral  fluids  are  dt  iven  into  ari 
airborne  state  Similarly,  prosthetic  appliances  removed  from  the 
mouth  and  laden  with  oral  debris  may  serve  as  sources  of  microbial 
aerosols  when  subjected  to  rotacing  instrument  or  sir  ard  water  sprays. 
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This  paper  is  a  report  of  two  surveys:  First,  a  quantitative 
study  of  aerosols  produced  in  the  mouths  of  dental  patient*  during 
treatment  for  simple  caries;  second,  a  study  of  microbial  aerosol* 
produced  by  the  danzal  lathe  when  a  denture  was  polished, 

SECTION  I.  rag  CLINICAL  PROCECTJKF  SURVEY 

Kazentria^)  reported  the  finding  of  bacteria  in  aerosols  pro¬ 
duced  during  the  use  of  dental  handpiece*  in  the  mouths  of  patients. 
Stevens^  presented  seal-quantitative  evidence  of  the  production 
of  microbial  aerosols  by  the  air  turbine  handpiece  during  use  in  a 
patient's  mouth  and  made  a  plea  for  further  study  of  the  production 
of  these  aerosols.  This  section  describes  the  quantitation  of  the  aer¬ 
osols  generated  in  the  mouths  of  dental  patients  during  a  typical 
dental  procedure. 

METHODS  AND  MATERIALS 

The  *ix-st#ge  Andersen  sampler^  was  used  to  sample  aerosols 
generated  in  and  emanating  from  the  mouths  of  dental  patients  during 
dental  operations  performed  in  the  clinics  of  the  University  of  Cali¬ 
fornia  School  of  Dentistry,  San  Francisco.  The  dental  clinics  con¬ 
sisted  of  two  large  bays,  each  containing  50  dental  chairs  and  units. 
When  used  to  maximum  capacity,  che  clinics  each  accommodated  approxi¬ 
mately  120  people;  patients,  dental  students,  dental  ass istants,  and 
instructor-dentists . 

3 

Andersen  samplers  were  operated  at  an  air  flow  r'.ce  of  1  ft  /min, 
impinging  airborne  particles  on  3%  blood  agar  held  in  plastic  petri 
dishes.  For  each  operation,  air  samples  were  taken  about  2  inches 
from  the  mouths  of  6-10  patients,  with  che  exception  of  the  polishing 
of  restorations.  We  found  that  the  polishing  operations  had  to  be 
sampled  at  sn  8-10  inch  distance  for  15  sec  to  prevent  exceeding  the 
maximum  capacity  of  the  Andersen  samplers.  After  sampling,  agar 
plates  were  incubated  aerobically  for  72  hr  at  35  C.  The  resultant 
colonies  were  counted  and  the  numbers  of  colony  forming  units  per  cubic 
foot  Cctu/ft^)  of  air  were  calculated,  using  the  methods  and  correction 
factors  of  Andersen^  .  The  median  particle  diameter  (mpd)  of  the 
aerosols  wag  estimated  by  use  of  probit  transformat  ions  and  the  mpd 
values  assigned  to  various  stages  of  the  Andersen  sampler*^  ,  viz., 
stage  one,  7.5  u;  stage  two,  5.5  u;  stage  three,  3.5  u;  stage  four, 

2.0  u;  Stage  five,  1.0  u;  stage  six  0.8  u. 


98 


RESULTS  OF  THE  CLINIC  STOUT 


We  found  that  microbial  aerosols  were  generated  i«  and  discharged 
from  the  mouth*  of  dental  patients  during  performance  of  dental  proced¬ 
ures  involving  rotating  instruments  and  air  and  water  sprays.  Table  1 
summarizes  the  data  accumulated  during  the  sampling  of  aerosol*  dis¬ 
charged  from  mouths  of  dental  patients,  These  aerosols  ranged  in  con¬ 
centration  frcas  12.5*240,000  cfu/ft^  with  ap-d  ranging  from  2. 3-7,0  u. 
Ail  cfu  recovered  from  the  aerosols  were  of  a  size  capable  of  impinging 
on  or  in  the  human  respiratory  system,  Including  the  conjunctiva. 
Thirty  to  9u%  of  these  viable  particles  were  5  u  or  less  in  diameter 
and  thereby  would  have  been  capable  of  penetrating  the  human  respira¬ 
tory  system  to  ths  level  of  the  terminal  bronchioles  and  alveoli^K 

While  no  qualitative  study  of  the  organisms  recovered  was  con¬ 
ducted,  we  observed  that  the  environmental  air  samples  taken  in  the 
clinic  were  composed  primarily  of  colonial  types  commonly  associated 
with  air  saprophytes.  The  alpha  and  gamma  hemolytic  streptococci  that 
comprised  the  majority  of  colonial  forms  recovered  from  aerosols  dis 
charged  from  the  mouths  of  dental  patients  were  found  in  the  environ¬ 
mental  air  samples  in  low  incidence.  The  environmental  air  of  the 
clinics  had  an  average  of  15.5  cfu/ft-*  (range  of  7.3-29.4)  with  a  spd 
of  5.9  4.  We  found  no  correlation  between  i.be  concentration  of  bac¬ 
teria  and  fungi  in  the  clinic  air  and  the  number  of  people  occupying 
the  clinic;  however,  we  did  not  attempt  a  complete  survey  of  the  envi¬ 
ronmental  air  in  the  clinics.  As  indicated  by  the  data  contained  in 
Table  1,  operations  performed  under  conditions  of  a  clinically  wet 
field  (saliva,  blood,  and  water  prersni)  •-on* Latently  produced  aero¬ 
sols  of  higher  microbial  content  than  did  the  same  operations  performed 
under  dry  field  conditions.  The  use  of  cotton  rolls  or  the  rubber  dam 
to  maintain  a  dry  operating  field  was  correlat'd  with  lower  concentra¬ 
tions  of  microorganisms  in  serosols  producing  during  the  operations, 
i.e.  18-226  vs.  11,000-140,000  cfu/'ft^  observed  for  polishing  t  restore 
cion  with  and  without  the  use  of  the  rubber  dam,  respectively. 

With  but  one  exception,  the  pollehing  of  a  restoration,  the  mpd 
of  the  aerosols  was  ’’mailer  for  operations  performed  under  wet  field 
conditions  than  it  was  for  the  same  operation  performed  under  dry 
field  conditions. 


TABLE  1  . 


Suwaary  of  eoncentrat ion  and  particle  size  distribution  of 
colony  forming  units  (cfu)  In  aerosols  generated  in  mouth* 
of  pat  tents  during  selected  phases  of  dental  treatment 


Operation 

Field  ‘ 

cfu/ ft 3 

Median 

particle 

diameter 

Percentage 
of  particles 
less  than 

5  u  in 
diameter 

condition  j 

t 

I 

Low 

High 

IBIBB 

■ 

29.4 

5.9 

40 

Polishing  teeth 
using  prophy 
cup  and  puss  lee 

Wet 

35.0 

1,488.0 

n 

45 

Drying  of  teeth 
using  air 
syringe 

Wet 

98.0 

944.0 

1.3 

90 

Cutting  of 
preparat ion 

in  tooth  using: 

! 

: 

Air  turbine 
with  air  spray 

Dry 

Wet 

12.5 

18.2 

42.5 

85-3 

7.Q 

6.7 

35 

33 

Air  turbine 
and  water  spray 
557  bur 

Wet 

40.0 

212.0 

4.8 

52 

Contra-angle 

557  bur 

Var iable 
wet  and  dry 

23.0 

194.0 

5.5 

42 

"Finish ing” 
restoration 
using  the 
contra-angle 
with  5/8" 
cuttle  disk 

Dry 

Wet 

32.0 

4,679 

3.1 

2.7 

- 

40 

80 

Polishing 
restoration 
using  tha 
straight 
handpiece  with 
a  Robinson 
briatla  brush 
and  pumice 

Dry 

Wet 

18.0 

1,1  x  104 

i _ 

4.2 

6.5 

'  55 

30 

Vftiereaa  the  use  of  the  weter  eprey  with  the  air  turbine  handpiece 
has  been  considered  advantageous  in  reducing  the  obvious  flow  of  air¬ 
borne  tooth  structure  and  dental  materials  from  the  patient  i  south'-*), 
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we  found  that  when  the  water  spray  was  used,  the  microbial  content  of 
the  aerosols  produced  was  actually  increased.  Sfoile  the  difference 
was  saiaii,  significance  lies  in  the  fact  that  the  water  spray  failed 
to  reduce  the  content  of  viable  particles  in  the  aerosols.  Further , 
there  was  a  decrease  in  the  mpa  of  aerosols  generated  when  using  the 
water  spray,  i.e.  4.8  u  for  the  water  spray  and  6. 7-7.0  u  for  sir 
spray,  which  would  not  serve  to  advantage  in  terms  of  an  inhalatory 
hazard . 

When  using  rotary  instruments,  the  air  turbine  did  not  produce 
larger  quantities  of  microbial  aerosols  than  the  conventional  engine- 
driver.  handpiece.  The  higher  operating  speeds,  200,000-300,000  rpm  for 
the  turbine  compared  to  6,000-3,000  rpm  for  the  engine-driven  hand- 
piece,  and  the  exhaust  of  about  1/2  f t^/rnin  uf  air  by  the  turbine  in¬ 
side  the  patient's  mouth,  apparently  made  little  contribution  to  aero¬ 
sol  production.  Data  in  Table  1  indicate  that  the  use  of  polishing 

brushes,  disks,  and  prophylaxis  polishing  cups  consistently  produced 
microbial  aerosols  of  greater  concentration  than  did  the  #557  carbide 
dental  bur  used  in  all  the  cutting  operations. 

The  air  syringe,  used  to  dry  the  teeth  or  clear  the  operating 
field  of  blood  and  debris,  generated  aerosols  containing  up  to  944 
cfu/fc"  with  a  mpd  of  1.3  u.  Ninety  per  cent  of  these  viable  par- 
cicles  were  5  p  or  less  in  diameter. 

The  reported  values  for  microbial  content  of  aerosols  disseminated 
by  a  human  being  during  quiet  breathing  range  from  a  low  of  0 .03^-*  to 
a  high  of  0.53^  organiems/f .  For  talking,  the  repotted  values  range 
from  2 .0^ -40 .0'^  organisma/f t^.  Bourdillon,  Lidwell  and  Lovelock*^ 
established  the  microbial  content  of  the  snecte  at  77,000-200,000  or¬ 
ganism*.  Comparisons  of  these  values  for  natural  human  activity  with 
our  findings  in  the  dental  clinic  (Table  1)  indicated  that  the  "low" 
concentrations  of  cfu  observed  for  many  of  the  dental  operations  ware 
comparable  to  the  act  of  speaking.  The  ''high"  concentration*  of  cfu 
observed  for  the  dental  operations  consistently  exceeded  the  "high" 
value  reported  for  speaking.  In  the  Instance  of  the  polishing  of  a 
restoration  using  a  Robinson  brush  In  a  wet  operating  field,  the  dental 
operation  produced  microbial  aerossla  equivalent  to  a  snaasa . 

At  the  present  time  it  it  impossible  to  assign  a  risk  rata  to  the 
Inhalation  of  the  aerosols  producad  by  dental  instrumentation.  We 
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have  found  no  published  reports  that  definitely  link  clinical  cases  of 
respiratory  diseases  of  dentists  with  those  at  their  patients.  With 
no  standards  of  air  hygiene  to  act  upon,  one  can  be  guided  only  by  tom- 
awjf!  sense.  Intuitively,  one  could  speculate  that  a  potential  health 
hazard  exists  far  a  person  exposed  to  microbial  aerosols  emanating 
frot»  a  patient's  mouth  when  these  aerosol#  exceed  the  microbial  dissem¬ 
ination  normally  associated  with  breathing  and  speaking,  and  which,  on 
•occasion,  reach  the  proportion  of  a  sneeze  directed  into  his  fate. 

SECTION  U.  THE  LABORATORY  PROCEDURE  SURVEY 

Dentures  taken  from  the  mouths  of  patients  art*  frequently  pol¬ 
ished  by  the  dentist  as  an  expedient  method  of  removing  oral  debris 
and  smoothing  areas  ground  or  cut  during  denture  adjustments.  The 
dental  lathe-  is  the  equivalent  of  a  machinist's  bench  grinder,  fitted 
■with  muslin  buffing  wheels  that  serve  as  carriers  for  a  slurry  of 
pumice  held  in  a  pumice  reservoir  pan.  The  pumice  serves  to  polish 
the  plastic,  metal  and  porcelain  components  of  prosthetic  appliances- 

In  a  preliminary  study  of  denture  polishing  procedures  ve  found 

that  the  polishing  of  a  set  of  dentures  taken  from  a  patient's  mouth 

contaminated  the  polishing  pumiee  in  excess  of  lx  10'  cfu'ml  of 

pumice  srurrv.  Microbial  aerosols  produced  during  these  polishing 

operations  contained  about  1  x  10**  bacterial  efu/ft^  as  determined  by 

use  of  Andersen  samplers  positioned  at  chest  level  of  the  lathe 

operator.  Samples  of  pumice  taken  from  the  pumice  reservoir  pans  of 

commercial  and  private  dental  laboratories  had  bacterial  contents 
c  a 

ranging  from  1.4  x  lO*'  to  3.0  x  10°  cfu/ail. 

The  following  experiment  was  designed  to  determine  the  extent  of 
airborne  contamination  occurring  in  a  dental  suite  when  a  denture  was 
polished  on  the  dental  lathe  using  tracer  organisms  in  concentrations 
approximating  these  found  on  patient's  dentures  or  in  the  pumice  of 
dental  laboratories. 

METHODS  AMD  MATERIALS 

This  survey  was  conducted  in  a  private  dental  suite  consisting  of 
a  waiting  room,  an  office  area,  three  denta''  operating  rooms,  a  labor¬ 
atory,  a  dark  room  and  a  lavatory.  Figure  1  is  the  tloor  plan  of  the 
su  ite 
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FIC ,  1 ■  Floor  plan  of  the  private  dental  suite  used  in  the 
laboratory  study;  dental  lathe  located  at  position  "X". 


The  suite  was  served  by  a  1(XR  air  recirculation  type  "air  conditioning" 
system,  which  was  a  simple  blower  fitted  with  a  heat  pump  that  tempered 
the  air  by  addition  or  removal  of  heat.  Fresh  air  was  supplied  to  the 
office  by  peripheral  leakage  and  drafts  through  the  openings  of  doors 
and  windows.  The  air  flow  patterns  of  the  suite  were  determined  by  the 
use  of  smoke  and  a  hot-wire  anemometer.  Tempered  air  was  supplied 
through  a  grate  near  the  ceiling  of  each  room  at  velocities  ranging 
from  250-1,100  linear  ft/min.  The  air  fanned  out  and  moved  diagonally 
across  the  upper  part  of  the  room,  spread  down  the  walls,  reversed  di¬ 
rection  near  the  floor  to  pass  serosa  the  lower  aspect  of  the  room  and 
out  the  door  to  the  hsll.  In  the  hall  the  air  was  drawn  up  to  a  single 
ceiling-mounted  exhaust  duct  to  be  tempered  and  redistributed  to  the 
various  rooms  of  the  suite.  Air  moved  along  the  walla  at  a  rate  of 
10-20  ft  min  with  drafts  occasionally  reaching  velocities  of  50  ft/min 
The  centers  of  the  rooms  were  characterized  by  confused  turbulence  and 
low  ait  velocities. 
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the  tracer  organisms,  Serratlfl  mat ceecerig ,  strain  g  UK  , 
grown  in  Bunting's  broth  at  3!  C  for  24  hr  on  a  rotary-type  shaker- 
incubator.  Dilutions  of  freshly  harvested  culture#  were-  used  to 
"seed"  the  ’'test*'  dentures  and  polishing  pussies  used  lr.  the  experi¬ 
ments.  So  £.  sastcejcens  was  recovered  from  the  environmental  air  of 
the  dent*!  suite  during  fhate  2  {see  below)  of  the  experiment,  it  was 
therefore  assumed  that  Ji .  msrcesgyng  recovered  during  the  experiment 
was  the  result  of  our  experimental  procedure  and,  unless  noted  herein¬ 
after,  concepts  of  recovery,  concentration,  numbers,  colonies,  bacteria, 
etc.  refer  to  S.  marcescens . 

Recovery  of  airborne  bacteria  was  made  by  mouthwash  of  human 
volunteers  and  by  the  use  of  various  types  of  mechanical  air  samplers. 
Mouthwash  samples*9'  were  taken  of  all  human  volunteers  immediately 
before  and  IS  sin  after  commenc ing  the  test  polishing  operations. 
Twenty-five  ml  of  Bunting's  broth*1®}  was  gargled  and  rinsed  about 
in  the  mouth  of  each  volunteer  for  1  min.  Expectorated  samples  were 
then  treated  with  5  ml  of  saliva  liquifying  enzyme*1^  and  serial 
dilutions  of  the  "digested"  sample  plated  out  on  Bunting's  agar.  The 
plates  were  incubated  43  hr  at  35  C  and  the  colonies  counted. 

Settling  plates  used  in  all  rooms  of  the  suite  were  plastic, 
having  a  155  cm2  surface  area  of  Bunting’s  agar  exposed  during  each 
of  the  polishing  operations.  Six-stage  Andersen  samplers,  fitted  with 
plastic  petri  dishes  containing  Bunting's  agar  were  used  in  all  rooms 
except  the  dark  room  and  lavatory.  Additionally,  Decker  Samplers*-  ^ 
were  used  in  the  waiting  room  and  operating  room  II,  and  a  Naval  Bio¬ 
logical  Laboratory  slit  sampler*^  in  the  laboratory.  In  each  room, 
sampling  stations  were  set  up  with  air  samplers  in  positions  normally 
associated  with  the  heads  of  patients  or  members  of  the  dental  health 
team;  i.e,  near  the  headrest  of  the  dental  chairs,  and  at  head  level 
for  persons  seated  in  the  office  or  waiting  room.  Mechanical  samplers 
ver*  operated  for  1-5  min  at  a  flow  rate  of  1  f  t  Vmin  •  Sample  platea 
were  incubated  48  hr  at  35  C.  Tlie  concentration  and  the  mpd  of  aero¬ 
sols  were  calculated  by  methods  described  in  Section  1  of  this  paper. 

To  simulate  conditions  of  bacterial  contamination  observed  during 
polishing  of  dentures  in  the  privste  dental  leboratory,  and  to  corre¬ 
late  aerosol  production  with  various  polishing  procedures,  we  divided 
our  testing  procedures  into  six  phases: 
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Fhasfi  1.  Controls . 


We  monitoied  the  air,  using  settling  plates  and  Decker  and  Ander¬ 
sen  samplers,  to  determine  the  incidence  of  conta&lnat  ior*  in  the  envi¬ 
ronmental  air  of  the  dental  suite, 

phase  2  ■  The  polishing  of  dentures  after  "disinfection'1  of  the  den¬ 
tures  was  attempted 

A  set  of  steam-sterilised  acrylic  dentures,  the  ’’test'1  dentures, 
ms  dipped  into  a  broth  culture  giving  them  a  total  surface  contamina¬ 
tion  of  about  1  *  10*®  efu  (which  approximated  the  levels  of  microbial 
contamination  found  for  dentures  of  clinic  patients).  After  '’seeding", 
the  "test"  dentures  were  "disinfected"  by  isanersing  them  into  a  solu¬ 
tion  of  sodium  hypochlorite,  100  ppta  available  chlorine,  for  1  min 
Following  the  "disinfection"  step,  the  "test"  dentures  were  polished 
on  the  dental  lathe  for  5  min,  using  a  steam-sterilised  polishing  "set¬ 
up".  Hie  "test"  dentures  were  then  set  aside.  Dentures  taken  from  the 
mouth  of  a  volunteer,  J.B.  Sr.,  were  then  "disinfected"  and  polished  in 
a  similar  manner.  After  they  were  polished,  J.B.  Sr's  dentures  were 
again  "disinfected",  rinsed  under  running  tap  water  and  returned  to  hia 
mouth.  A  mouthwash  sample  from  J.B.  Sr.  was  taken  and  assayed  immedi¬ 
ately  after  receipt  of  his  dentures.  Mouthwash  sample#  were  taken  of  the 
other  volunteers  stationed  in  the  various  rooms  of  the  suite  before  and 
i5  min  after  the  polishing  of  Che  dentures  was  started.  Air  in  tha 
various  rooms  of  the  dental  suite  was  sampled  for  30  min  commencing 
with  the  polishing  operations. 

Phase  3 ,  the  polishing  of  dentures  with  no  disinfection  attempted. 

the  experimental  situation  was  identical  to  that  of  Phase  2,  ex¬ 
cept  chat  the  "disinfection"  atep  was  omitted. 

Phase  4 .  the  polishing  of  dentures  simulating  the  use  of  contaminated 
pumice,  no  disinfection  procedure#  attempted. 

The  experimental  situation  was  the  same  as  Phase  3,  except  that 
S.  marccscena  wea  added  to  aterile  polishing  pumice  at  a  concentration 
equivalent  to  the  sverege  level  of  bacterial  contamination  found  in  the 
pumice  pans  of  privste  end  coonercial  dental  laboratories  (1.7  x  10 ? 
cfu/ml . 

Phase  5  -  The  polishing  of  a  denture  with  "seeded"  pumice  to  character¬ 
ise  the  aerosols  produced,  no  disinfection  procedures  attempted. 

The  procedures  wars  identical  to  chose  used  in  Phase  4,  except 


io: 


that  the  puRKt:  «s  "seeded"  to  levels  about  lO-fold  higher  than  the 
maxiaun’  levels  of  bacterial  contasiinal  im  of  pumice  we  observed  in 
c  unse  i  c  iu  1  and  private  dental  laboratories  (2.9  x  10^  c  u  ml  .  i  b 
high  concentration  was  used  to  generate  aerosols  containing  suffi¬ 
cient  viable  bacteria  to  permit  estimation  of  mpd  and  half-life  values. 

Phase  ft.  Polishing  of  dentures  while  using  disinfection  procedure* 
and  a  venti lated  protective  hood  mounted  over  the  lathe  . 

A  control  test  was  conducted  comparable  to  phase  5:  however,  the 
number  of  sampling  stations  was  reduced.  The  volunteer's  dentures  were 
not  polished  to  prevent  massive  contamination  of  his  mouth. 

Polishing  of  dentures  using  the  disinfection  steps  and  protective 
hood  was  as  follows:  "Test”  dentures  and  volunteer  j.B.  Sr.'s  den¬ 
tures  were  soaked  in  a  solution  of  sodium  hypochlor ite ,  1,000  ppm 

available  chlorine,  for  1  min  before  and  after  being  polished.  The 
"seeded"  polishing  pumice  contained  3  x  10^  cfu/ml.  Hie  iaciie  was 
isolated  by  a  negative-pressure,  ventilated,  protective  hood  that  had 
a  face  velocity  of  300  linear  ft/aiin  air  flow,  with  the  air  wash  dis¬ 
charged  through  a  Mine  Safety  Appliance  absolute  filter  (rated  at 
99.99*  efficiency  at  Q.3  p  mpd) .  After  polishing  and  "disinfection", 
J.8.  Sr's  dentures  were  i fused  for  1  min  under  flowing  tap  water  and 
returned  to  his  mouth.  Mouthwash  samples  were  taken  of  J,B,  Sr.,  the 
lathe  operator,  and  two  other  human  volunteers  stationed  in  the  labor¬ 
atory  and  office  area. 

Hie  concentration  of  bacteria  in  the  polishing  pumice  was  deter¬ 
mined  for  all  phases  of  the  experiment.  During  some  of  the  polishing 
operations,  petri  dishes  were  taped  to  the  face,  hands,  and  clothing 
of  the  lathe  operator  to  determine  the  effect  of  splatter  of  micro¬ 
organisms  by  the  lathe. 


RESULTS  OF  THE  LABORATORY  PROCEDURE  SURVEY 

In  all  phases  of  our  experiment  involving  the  polishing  of  den¬ 
tures  using  "seeded"  dentures  of  polishing  pumice,  aerosols  were  gen¬ 
erated  by  the  dental  lathe  and  distributed  to  the  various  rooms  of  the 
dental  auite.  Tables  2  snd  3  summarise  the  mechenicel  and  human  re¬ 
coveries  of  eirborne  $.  marcetcens  made  during  the  aix  phases  of  the 
exper iment . 
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as  deterained  by  Andersen,  samp! 
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i>r .  dose  was  the  sum  of  inhaled  dose  pli  s  dose  transmitted  by  dentures. 


: '  rd#r  f  decreasing  ;«*&•*>*  ■■■f  *@  i  nse  :  ---r  by  ir.t 

th@  Ssborstorr  had  •  i*  hLghest  content,  followed  by  eh*  cities  are#, 
operating  rai <o>  i,  wasting  room.  operating  rooe-  2,  operating  rscsts  1, 
lavatory  and  darkrocas.  The  concentrst ion  of  the  aerosol*  was  propor¬ 
tional  ro  the  concentration  its  the  polishing  pumice,  Hrtd  ins  distribu¬ 
tion  of  the  aerosol*  was  consistent  with  the  air  f5?w  patterns  Main¬ 
tained  by  the  "air  tsadit toning"  sys t*» 

In  Phase  2  of  the  experiment,  where  "disinfection"  of  the  “seeded" 
denture  wa*  attempted  prior  to  polishing,  the  lathe-produced  aerosols 
reached  »  maximum  concentration  in  the  laboratory  of  11.2  tfti/ft^. 
With  che  exception  of  operating  room  1,  airborne  S_.  starcascefts  was  re¬ 
covered  from  every  room  served  by  the  "air  conditioner . '* 

Phase  3  (equivalent  to  Phase  2  with  the  omission  of  the  “disin¬ 
fection"  procedures)  simulated  the  conditions  observed  for  the  polishing 
of  s  patient's  dentures  when  using  sterile  pumice,  Here,  the  aerosols 
generated  by  the  lathe  reached  a  maximum  concentration  of  259.2  efu/ft^ 
in  the  laboratory  and  Were  distributed  to  every  room  served  by  the 
"air  conditioner,"  In.  a  comparison  of  the  retulti  of  exper imental 
Phase  2  and  3,  we  found  the  use  of  sodium  hypochlorite,  100  ppm  avail¬ 
able  chlorine,  to  have  some  value  in  reducing  the  numbers  of  bacteria 
introduced  to  the  pumice  by  the  "seeded"  denture.  Hits  reduct'Vr  < n 
concentration  was  about  1,000-fold  for  the  pumice  and  bacteria  trans¬ 
ferred  to  the  volunteer's  mouth  by  his  denture,  but  only  20-fold  for 
the  aerosols  produced. 

In  Phase  4  where  the  level*  of  bacterial  contamination  of 
polishing  pumice  of  private  dental  laboratories  were  simulated,  the 
polishing  of  the  dentures  with  "seeded"  pumice  produced  aerosols  having 
up  to  71?  ctu/t't'  In  the  laboratory.  Again,  all  rooms  served  by  the 
"air  conditioner"  contained  airborne  S.  marcescens .  The  lavatory,  al¬ 
though  not  served  by  the  "air  conditioner",  also  received  airborne  S, 
marcescens . 

During  Phase  5,  where  we  simulated  pumice  pan  contamination  con¬ 
ditions,  hut  used  a  10-fold  higher  bacterial  level  than  "norsiar',  aer¬ 
osols  were  generated  by  the  lathe  exceeding  2,615  cfu/ftJ  in  the  labor¬ 
atory,  with  all  rooma  of  the  suite  receiving  the  airborne  tracer . 

When  the  same  test  procedures  were  used  as  the  controls  for  Phase 
6,  the  lathe-produced  aerosols  reached  3,540  cfu/ft^  In  the  laboratory. 
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WLer  we  ,sed  pr  tpi  t  :  ve  h'.’d  and  s  'd  j  jir.  ‘  ,  rde  rfi  ft:-  - 

iecti-n"  pr  i«s  dur  ea  during  tht  denture  p<v  1  t  ih  lr.g  pereti  ms  'pumice 
seeded  with  3.0  s  10*  cfua'l,  we  recovered  -nlv  Iwo  c  f  u  fn«  the  i-:i  * 
tire  ®uit»-  (•  each  of  the  three  rests  i  ii/G  f  :  air  sample!  Per  test) 
kased  on  the  recover-  -f  two  cfu  tn  one  3  1 1  ^  air  sample,  the  max  latum 
c  -ncentrat  no  observed  during  use  '  f  the  !  i  u.  d  was  0.4  cfu  ft  without 
the  hood,  the  man  linutn  concentrat  Ion  was  3,540  cfu  ft*.  Theref  .re.  the 
protective  hood  and  disinfection  procedures  accounted  for  better  than 
an  S.^hO-fold  decrease  ir.  the  dissesilnst  ion  of  arc  tout  ganlaai*  by  the 
dental  lathe.  Surface  ».  on l iff. iua  t  ion  ~>i  the  dental  suite  without  the 
use  of  the  hood  ranged  up  to  4,310  ciu  settling  plate,  however,  when 
the  haaa*  sas  -hvovth  1  at  1 1  e  treatment  was  (Uni,  i,. .  3  ttia?  re- 

recovered  on  settling  plates. 

A  comparison  of  the  Andersen  sampler  dsts  and  the  settling  piste 
data  in  Table  2  indicated  chat  a  general  agreement  existed  between  the 
two  tsethods  of  sampling  airborne  microorganisms.  the  settling  plates 
proved  that  surface  contaoinat ion  in  the  various  rooms  of  the  suite 
resulted  from  the  dissemination  of  S.  icarcesceng  in  aerosols  generated 
by  the  dental  lathe  In  the  laboratory. 

Twenty-one  of  the  35  mouthwash  samples  taken  from  human  volun¬ 
teers  stationed  in  the  various  rooms  of  Che  dental  suite  during  Phases 
2,  3,  3  and  the  control  test  for  Phase  6  contained  the  tracer.  Ob¬ 

viously.  the  viable  particles  in  aerosols  generated  by  the  lathe  were 
disseminated  to  the  various  rooms  in  concentrations  sufficient  to  be 
inhaled  and  deposited  in  the  respiratory  system  of  man.  Volunteers 
J.P.S.  and  L.T,  were  our  most  consistent  "samplers";  they  were  also 
the  only  habitual  mouth-breathers  in  the  groups  of  volunteers.  The 
number  of  ™art.escen3  recovered  froat  the  mouthwashes  of  the  lathe 
operator  and  the  human  volunteer:  j.B.  Sr.  who  had  his  dentures  polished 
on  the  lathe,  were  directly  proportional  to  the  number  in  the  polishing 
pumice.  This  relationship  is  illustrated  ir.  Fig.  2,  The  difference 
in  dose  levels  jbserved  was  due  to  the  iathe  operator  receiving  an  in¬ 
haled  dose,  and  volunteer  J.B.  Sr.  receiving  an  inhaled  dose  plus  an 
oral  dose  carried  to  hi.  by  his  fleshly  polished  dcr.cu-,.  .  I.;  tve  .1 

the  three  trials  of  the  hood-and-hypoch lorite  "disinfection"  procedures 
we  recovered  S.  marcescens  by  mouthwash  of  the  lathe  operator.  Later 
we  realized  that  for  these  two  trials  the  lathe  operator  had  sa  ked 
cigarettes  immediately  after  poiisning  the  dentures.  It  was  therefore 
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TIG.  2.  Recovery  of  Serial  i*  astreeseens  from  human 
subject*  exposed  to  aerosols  and  contaminated  denture*. 

Source  of  c  nr  t  ami  nation:  putsiee  and  dental  lathe 

possible  that  he  had  manually  transferred  S.  marcescens  to  his  mouth 
from  the  punice  pan.  In  each  of  the  three  test*  oi  the  hood  and  "dia- 
Infection"  procedure*,  more  than  1  x  10^  efu  were  craosfei red  to  the 
volunteer  J.B.  Sr.  by  means  cf  hi*  freshly  polished  denture*,  despite 
the  dentures  having  had  a  1  min  "disinfectant"  treatment  in  sodium 
hypochlorite  solution  (1,000  ppm  available  chlorine)  and  a  thorough 
rinsing  under  running  tap  water  before  being  returned  to  hia  mouth. 

No  S,  gtareegeeng  wag  recovered  from  the  truths  of  the  other  human  sub¬ 
jects  occupying  the  office  area  arid  laboratory  during  the  three  test* 
of  the  hood  and  hypochlorite  treatment 

Thus  far,  we  have  reported  the  magnitude  and  diatribution  cf  aer¬ 
osols  generated  by  the  dental  lathe.  These  aerosols  had  ceomon  ch»*ac- 
tertstica,  varying  only  slightly  from  one  another.  Data  from  Deck*! 
and  NBL  siit  samplers  indicated  that  aerosol*  traveled  at  velocities 
eavai  to  those  provided  by  the  "air  conditioning"  system;  t.e.  aerosols 
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%’T^vr  s-sm  try  he  Isfh*  tr  esed  rfe  .  afx.  rat  .>r  i  ir  ebc-ct  I  s  a*i  ,  arrived 
In  the  waiting  r  -  as  in  2  sain  and  in  derating  i  ■■.’@*.  *  in  2-1  2 

fi*i,f»*  1 ,  -  and  ‘  tit  pr-S.i  Ua»*j><(«>u«n  pints  of  cfu  rtc-jv- 
erad  an  the  *ia  *:?'*«  vi  .t«  Andersen  stapler*  operated  in  Che  labor¬ 
atory,  office  area,  end  waiting  rat®.  Fro®  these?  plot*,  the  apd  fin¬ 
ch*  aerosol*  were  «*£  Lasted  to  be  between  2  and  3.5  Seventy- five 
te»  Wf,  of  the  viable  part  U la*  recovered  ire®  the  aaroaola  «*t<  5  „,  or 
tees  is  ^lassiter  ar-d  wet*  capable  of  penetration  of  th*  hesssan  respira¬ 
tor,-  syates,  to  the  level  of  th*  alveoli^-. 


f  1 1  }  Viable  particle  distribution  as  collected  hy  the 

Andersen  sampler  lor  laboratory  area.  Phases  2,  1,  .  and  5. 
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FIG.  4 .  Viable  particle  distribution  ss  collected  by  the 
Andersen  sampler  for  office  area,  leases  3,  4  and  5. 
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Stage  of  Anderson  sampler 


Colony  forming  units-cumulative  percentage  on  probit  scale 


F IG .  6 ■  Numbers  of  airborne  Sarratla  recovered  from 
office,  operating  room  2  and  operating  room  3. 


The  time-course  of  aerosol  build-up  and  decay  in  three  rooms  is 
illustrated  in  Fig.  6  where  the  similarity  of  the  aerosols  distributed 
to  the  various  rooms  can  be  seen.  The  concentration  of  the  aerosols 
increased  and  reached  a  peak  in  about  12  min;  i.e.  10  min  of  polishing 
and  2  min  travel  time  fro®  the  laboratory.  The  viable  content  of  the 
aerosols  then  decreased,  exhibit  ing  half-life  va lues  of  about  3-1/2  min. 
Although  particle  siae  did  Influence  the  die-away  of  the  aerosols,  the 
ratea  obaerved  were  probably  due  to  loss  of  viability  by  the  airborne 
bscteria.  In  Fig.  7,  where  the  individual  slopes  of  the  turves  were 
plotted  as  a  function  of  the  mpd  established  for  the  corresponding  stage 
of  the  Andersen  sampler,  there  wes  e  direct  reletionahip  between  par¬ 
ticle  else  and  die-away  rate.  However,  if  one  compares  physical  half- 
life  veluee  taken  from  the  nomograms  of  Bourdlllon*'^  for  aerosols 
having  mpd  of  2-3.5  u;  vi*.  1-1/2  to  3-1/2  hr,  to  our  observed  half- 
life  values  of  2-5  min,  it  is  reasonable  to  assume  that  physical  decay 
played  a  small  rola  in  total  die-away  races;  organises  less  sensitive 
than  £.  marcescana  would  have  remained  airborne  for  extended  periods. 
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FIG.  ?.  Relationship  of  "decay"  of  aerosols  generated 
in  a  dental  suite  by  a  dental  lathe  to  particle  si2e 
as  collected  by  the  Andersen  sampler. 


Ancillary  to  the  generation  of  aerosols,  large  particles  of 
"seeded"  pumice  were  splattered  by  the  lathe  during  poliahing  opera¬ 
tions.  Plates  attached  to  the  face,  neck,  arms,  back,  and  legs  of 
operators  became  literally  overcrowded  with  colonies  as  e  result  of 
poliahing  a  "seeded"  denture  or  a  denture  using  "seeded"  pumice.  When 
the  protective  hood-and-hypochlorite-solution  treatment  waa  uaed  during 
polishing  operations,  no  S.  marcetcens  was  recovered  on  petri  diahes 
taped  to  the  operator . 


CONCLUSIONS 

We  found  that  microbial  aerosols  were  generated  in  and  discharged 
from  the  mouths  of  dental  patients  during  dental  instrumentation  in  con¬ 
centrations  exceeding  those  reported  for  the  normal  human  activities 
of  breathing  and  speaking.  We  else  demor  strated  that  bacteria  con¬ 
tained  in  polishing  pumice  or  clinging  to  the  surface  of  a  denture  could 
be  atomised  by  the  dental  laths,  carried  co  ell  rooms  of  a  dental  suite 
by  an  "air  conditioning"  system,  and  deposited  in  the  respiratory 
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system  at  human  brings  occupying  the  various  roosts  o£  the  suite. 

We  hold  the  opinion  that  a  health  hazard  could  be  created  by  such 
serosal*  if  the  denture  or  pumice  were  tc  contain  pathogenic  microor¬ 
ganisms,  We  know  that  the  norasal  mechanisms  of  immunity,  innate  and 
acquired,  serve  to  protect  mart  against  the  vast  Majority  ti  the  micro* 
organi*iit*  he  inhales.  However,  we  must  always  keep  in  saind  that  the 
greater  proportion  of  human  infectious  disease  u  derived  from  other 
human  beings^  and  that  the  donors  of  microorganisms  shed  to  the  air 
may  be  clinical  cases,  auk-clinical  cases  or  carriers  of  infectious 
disease.  It  is  the  pathogen  of  extrsord inary  virulence  inhaled  by  the 
recipient,  or  the  on*  previously  smeacountered ,  which  serves  as  a 
hazard,  e.g.  ,  Mycobacterium  tuberculosis  and  the  viruses  associated 
with  respiratory  diseases. 

We  are  confident  that  the  correct  and  appropriate  relationship  of 
these  potential  health  hazards  to  man  can  be  established  with  adequate 
study . 
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DISCUSSION 

Morton:  What  doe*  it  take  to  identify  the  actual  bacteria  gener¬ 
ated  in  the  denture  operation?  1  knew  you  have  got  Serratia ,  but  pre¬ 
sumably  these  entirely  alarming  figures  of  your*  must  relate  primarily 
to  non-pathogen*  or  all  of  our  dentists  would  be  sick  most  of  the  time. 

R,  Miller:  Our  studies  have  been  essentially  a  quantitation  of 
bacteria  in  aerosols  generated  from  the  patient’s  mouth  by  denta!  in¬ 
struments.  In  the  few  instances  where  classification  of  the  recovered 
bacteria  was  attempted,  we  noted  that  the  majority  were  Gram-positive 
cocci,  usually  streptococci,  Str .  aitis  or  Str .  salivarlus.  To  attempt 
to  classify  even  a  small  portion  of  the  orgenlsma  recovered  would  be 
an  astronomical  job. 

Kith  ley :  I  believe  about  the  time  I  belonged  to  the  Boy  Scouts, 

(my  fether  was  a  dentiat),  there  wes  considerable  agitation  on  that 
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lubject:  in  the  journals-  I  think  there  were  elec  sow  atatiatical 
studies  about  30  yr  ago.  Sow  baric  research  work  vat  being  done  1ft 
dental  schools  --  sew  critical  studies.  X  imagine  they  bogged  down 
because  there  was  no  supporting  aerobiology  to  lead  then,  hut  there 
were  conaidarable  discussions  at  that  time,  together  with  discussions 
of  gauss  an  aka,  which  were  beginning  to  acare  people. 

R,  Killer;  While  you  ate  aa  the  subject#  of  mask#:  la  iha 
different  a  cages  of  the  A odors an  sampler,  where  a  mask  was  used  over 
the  sampler,  there  were  no  identifiable  differences  between  bee  ter ial 
counts  or  number  of  tooth  particles  seen  during  tha  gross  March  of 
peer!  dishes.  In  terms  of  health  hazard,  these  figures  are  almost 
wholly  non*ejc.isteBt .  We  know  of  a  case  wherein  a  dentist  finally 
admitted  that  he  had  contracted  silicosis  using  the  dental  laths  and 
that  aerosolized  pumice,  blowing  into  his  face  constantly,  reached  a 
point  where  it  affected  his  lungs.  We  have  a  case  of  a  dentist  hare 
in  this  area  who  has  mercury  poisoning  as  a  result  of  breathing  aero¬ 
sols  fro®  the  air  turbine.  1  can't  speak  for  the  dental  profession 
as  a  vd-.ole  but  only  as  a  student.  However,  in  student  health  records 
ve  find  that  if  you  compare  the  records  for  respiratory  disease  (this 
is  a  dispensary  type  of  thing),  you  find  that  the  dental  student  has  a 
Man  figure  something  like  150-190  visits  per  100  students  par  year  to 
the  dispensary  for  respiratory  disease,  whereas  the  pharmacy  and  Med¬ 
ical  student,  on  the  same  campus,  living  in  the  same  dorm  (an  appar¬ 
ently  equivalent  situation),  starts  at  40  and  goes  tc  140  visits.  Our 
rates  are  in  a  different  bracket.  Our  TB  conversion  rate  has  varied 
from  6-43Z.  Some  pharmacy  student  groups  came  up  to  25Z  conversion, 
but  ordinarily  we  have  the  highest  TB  conversion  rates  on  the  campus. 

vrrr  :  Did  you  give  your  result#  in  terms  of  numbers  of  organ¬ 
isms  or  organ isras/particle? 

tt.  Millar;  The  data  were  presented  ss  colony  forming  units;  ac¬ 
tually  if  one  considered  the  number*  of  organism,  the  figures  undoubt¬ 
edly  would  have  been  higher,  for  each  efu  may  have  consisted  of  more 
than  one  viable  organism. 

Vh’Th  :  Aren't  most  of  these  sir  turbines  opersted  with  s  small 
vacuum  cleaner  alongside  of  them?  My  deritiat  has  a  technician  standing 
there  with  a  small  vacuum  cleaner  and  whenever  he  turns  the  air  turbine 
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*  VFTF  »  Voice  from  the  floor. 


an,  he  turn*  the  vacuus  on.  I  am  wandering  --  in  your  figures  the  air 
turbin*  doe*  not  look  so  bad  --  vfrat  happens  to  the  air?  Where  does 

it  go? 

8.  MllUr:  Air  evacuated  free  a  patient’s  south  by  use  rtf  an 

oral  ev*eu*ror  is  generally  carried  through  a  hose  to  a  trap  where 
liquid*  and  large  piece*  of  defer!#  are  removed,  After  passage  through 
the  trap,  th«  air  is  either  d‘*eh*rged  into  the  roots  or  is  carried  to 
a  sewer  line  where  it  it  discharged  through  *  roof  vein..  We  do  nut  use 
an  oral  evseustor  at  the  University  of  California  Clinics,  so  I  have 
not  had  an  opportunity  to  evaluate  tea  eirtscacy  in  reducing  airborne 
contamlnat  ion . 

VFTF:  Someone  at  Fort  Detrick  w*s  interested  in  personal  protec¬ 
tion  of  people  in  hospital  work,  1  just  want  to  point  out  (to  empha¬ 
size  that  few  people  are  aware  of  ic)  that  there  are  currently  some 
masks  available  which  are  really  quite  effective,  these  devices  are 
now  commercial ! v  available;  they  are  being  tested  and  are  really  quite 
reliable  and  comfortable.  They  ave  plastic  devices;  you  fit  them 
around  your  noae  and  they  do  pe'iorm  a  really  acceptable  job  of  fil¬ 
tering,  I  would  recommend  them  highly  to  your  dental  students, 

Newton;  We  can  imagine  the  hazard  to  the  dentist,  but  would  you 
care  to  comment  about  the  hazard  to  the  little  boy  sitting  out  there 
in  the  waiting  room,  waiting  to  be  treated? 

R.  Miller;  As  I  say  in  the  paper,  the  lithe  study  was  strictly 
a  tracer  experiment,  demonstrating  the  mechanical  dissemination  of  aer¬ 
osols  produced  by  a  dental  lathe.  We  need  a  "clean  room",  or  comparable 
environment,  to  make  a  test  of  spread  of  organism*  from  a  patient's 
mouth  to  other  rooms  of  a  dental  suite.  At  the  present  time,  we  can 
not  readily  distinguish  between  oral  bacteria  and  the  common  air 
saprophytes . 

w’»pt.  L.  Hiller:  Your  work  was  ill  done  with  bacteria,  vdrereas 

earlier,  in  the  first  paper,  viruses  were  mentioned.  I  think  that 
oftentimes  in  aerobiology  one  forgets  that  the  respiratory  system  must 
include  the  conjunctive,  especially  with  viruses,  so  a  mask  is  not 
going  to  be  the  complete  answer. 

R.  Miller;  I  tend  to  agree.  It  has  been  offered  as  a  strictly 
clinical  observation  that  dentists  stationed  at  a  local  Navy  base  have 
had  an  unusually  high  incidence  of  eye  infections,  primarily  virsl,  in¬ 
cluding  a  herpes  simplex  dendritic  ulcer  of  the  cornea. 
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ECOLOGY  SECTION 


Elwotxs  8.  4Mfe,  Moderator 


■iUiOies  at  tue  nosc-p*rasit6*«r,v  if  irrofit  re  litionEhip 
In  animals  o«y  reveal  equivalent  relationships  in  man’s  en¬ 
vironment.  This  section  reports  studies  of  natural  and 
experimentally-induced  respiratory  infections  In  animals 
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LATENCY  OF  WESTERN  EQUINE 
ENCEPHALOMYELITIS  VIRUS* 


£.  Paul  Adams 

Department  of  bacteriology 
Norm  iMiMLt  State  University,  Fargo 


Encephalitis  symptoms  have  been  noted  in  man  and  animals  for  many 
years.  lUrl  Meyer ^ ^  In  1932  first  described  the  cases  in  man  and 
noted  that  these  infections  often  followed  those  found  in  horses  in 
the  same  area.  Howitt'^  in  1938  first  isolated  the  Western  Equine 
Encephali.  yaliti*  (WEE)  virus  from  the  brain  of  a  child.  Sinea  that 
time  it  has  been  ascertained  that  the  WEE  virus  may  periodically  be 
widely  distributed  among  the  animal  population  with  wild  birds  ap¬ 
pearing  to  be  the  primary  boats  for  the  disease.  Man  and  the  horse 
are  believed  to  be  secondary  terminal  hosts.  The  dlsaasa  is  arthropod- 
borne.  and  although  mites  and  ticks  have  been  shown  to  be  capable  of 
transmitting  eha  virus,  they  are  not  believed  to  be  important  in  trans¬ 
mission.  Several  species  of  mosquitoes  have  been  shown  to  be  capable 
of  carrying  the  virus,  but  the  principal  vector  at  present  appears  to 
ba  Cul«*  tarsails. 

the  typical  transmission  cycle  appears  to  b«  as  follows: 

1.  A  mosquito  takes  a  blood  mail  from  an  infected  bird. 

2.  the  smsquito  maturates  ths  virus  in  Its  body  for  severs! 
days depending  on  the  temperature  and  ingested  viral  doae. 

3.  the  mosquito  bites  s  tucepcibl*  bird  and  inject*  soma  of 
the  virus,  initiating  a  naw  infection. 


*  Supported  lit  part  by  a  USPHS  Grant  No.  EF  12-828,  and  complatsd  at 
th*  iktl  varsity  of  Utah  during  leave  from  North  Dakota  State  University. 
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The  new  hust  develops  a  viresu  alter  several  hours  of  in¬ 
tubation  and  this  persist  for  2-4  days. 

5-  Following  the  period  of  viretua,  antibodies  that  appear 
in  the  blood  stream  are  believed  responsible  fur  auto-sterillzing  the 

blood . 

b.  The  antif  y  titer  rises  in  the  blood  stream  and  there  is 
some  evidence  that  it  remains  at  a  high  level  for  the  rest  of  the  bird's 
life. 

The  only  time  the  bird  may  serve  as  a  link  in  the  chain  of  trans¬ 
mission  is  during  the  time  that  it  demonstrates  a  viremia  in  itc  blood 
stream.  Thus,  public  health  surveys  that  demonstrate  a  large  popula¬ 
tion  of  infected  or  recently  infected  birds  and  the  presence  of  large 
numbers  of  suitable  vectors  give  occasion  fer  alarm. 

The  problem  in  studying  the  epidemiology  of  WEE  is  to  deters  ti  e 
its  reservoir  of  infection  when  the  disease  is  not  apparent  among  the 
bird  or  animal  populations.  Where  does  the  virus  find  sanccuary  during 
the  winter?  It  is  obvious  that  it  must  have  living  tissue  to  survive. 
Many  theories  have  been  advanced  to  explain  the  overwintering  of  the 
WEE  virus,  but  none  have  been  completely  satisfactory.  Let  us  list 
some  of  the  more  prominent  theories: 

The  virus  may  be  harbored  over  winter  in  hibernating  ciosquiroes . 
With  the  advent  of  cold  weather,  mosquitoes  retreat  to  such  placet  as 
rock  piles,  jiniical  burrows,  old  cellars,  mine  shafts,  etc.  Ihe  temper¬ 
atures  in  these  areas  are  apparently  near  freezing  and  a  small  per¬ 
centage  of  the  Insects  are  able  to  survive^  W.  C.  Reeves  and  co- 
workers'^  have  been  able  to  Isolate  WEE  virus  from  mosquitoes  every 
month  in  the  year  except  December.  It  should  be  remembered,  however, 
that  the  mosquitoes  apparently  had  intermittent  blood  meals  through 
the  winter.  Each  time  that  WEE  virus  was  Isolated  from  mosquitoes, 
nucleated  red  cells  were  also  found  in  the  gut  contents  of  the  mosquito, 
indicating  that  It  had  recently  fed  on  either  birds  or  reptiles. 

If  C .  tarsal  is  Is  to  serve  as  an  overwintering  reservoir  for 
encephalitis  viruses,  it  oust  have  an  infective  blood  meal  before 
going  into  hibernation.  There  is,  however,  a  strong  indication  that 
C .  tarsal  is  does  not  take  a  blood  meal  before  hibernation,  but  feeds 
on  carbohydrates  sucked  from  plant  juices^6).  Hammon,  Reeves,  and 
Collnda(6)  have  even  gather  evidence  which  indicates  that  a  prehiber¬ 
nation  blood  meal  ia  not  compatible  with  the  successful  hibernation  of 
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an  iveftfi  n  t  tr  log  of  C.  tar  as  i  Is  . 

At  »*mpts  to  isolate  WEE  virus  from  hibernating  mosguiloag  in  the 
mere  Northern  latitudes  have,  in  general,  not  proven  successful.  Only- 
one  exception  to  this  finding  has  appeared  in  the  literature:  Elackmore 
ar.d  Winn^1  found  WEE  virus  in  one  of  50  pools  .-f  fefnale  C.  tarawl  is 
taker:  f r  >ir  mtneahafts  in  Colorado-  These  pools  were  collected  December 
through  February.  In  any  event,  most  authorities  feel  that  over- 
wintering  of  the  WEE  viru*  in  hibernating  mosquitoes  is  not  the  answer 
to  the  problem. 

Hie  second  theory  for  over  vlr,  ter  is  that  the  infection  chain 

may  be  continued  through  migratory  flights  of  birds.  The  occasional 
presence  of  encephalitis  viruses  in  the  bird  populations  in  migratory 
areas  South  of  the  U.S.A,^  indicates  that  suitable  vectors  for  infec¬ 
tion  chains  may  exist  there.  On  the  other  hand,  the  failure  to  isolate 
virus  or  detect  a  high  antibody  titer  in  birds  enroute  from  the  over¬ 
wintering  areas,  or  to  find  it  in  migratory  birds  wintering  in  the 
Southern  U.S.A,^,  argues  against  this  explanation  for  winter  survival 
and  the  re  introduce  ion  of  virus  into  Northern  areas. 

Vectors  such  as  ticks  and  mites  transmitting  the  virus  from  host 

Co  host  during  the  winter.  Tranaova* isrs  passage  in  ticks  is  recognired 

as  a  mechanism  for  the  perpetuation  of  the  looping  ill  virus  and  of 

(  3) 

Russian  apring-sumtaer  encephalitis  virus.  The  work  of  Grundmann  et  al.  , 
however,  showed  that  Dertnacentor  variables  and  Tr latoma  sangulsuks 
would  not  transfer  virus  from  infected  animals  to  susceptible  animals 
a  few  days  after  feeding  on  infected  animals.  Thus,  apparently  these 
ticks  do  net  maturate  the  virus  but  only  transmit  it  mechanically.  This 
finding  somewhat  limits  their  importance  as  possible  winter-time 
vectors,  although  more  experimental  work  should  be  done  on  this  approach. 

WEE  virus  has  been  isolated  from  bird  mites^1^  by  Miles  et  al  .  in 

1951,  and  for  a  time  it  was  believed  that  they  might  be  an  important 

n  n 

vector.  Later  investigations  by  Chamberlain  et  *i.'  working  with 
Saint  Louis  Encephalomyelitis  (SUE)  virus,  and  Winn  and  Bennington ^ ^ 
using  WEE  virus,  indicate  that  detectable  virus  persisted  less  than 
2  days  in  mites  and  no  transmissions  could  be  demonstrated  after  that 
time.  They  concluded,  therefore,  that  mites  were  not  an  important 
vector  in  the  transmission  of  these  viral  encsphal i tides . 

Reeves  etsl.^^,  in  a  study  of  61  captured  wild  bird*  held  under 
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carefully  controlled  conditions,  noted  five  conversions  from  a  negative 
to  a  positive  WEE  neutralisation  index  during  s  4-  to  7-month  holding 
period.  The  only  arthropods  observed  its  the  aviary  were  nasal  mites 
and  bird  mites  Ornlthcmygaus  syiviarusa.  This  may  indicate  that  under 
certain  conditions  these  mites  could  serve  a*  important  vectors  and  ex¬ 
plain  the  overwintering  cf  die  WEE  virus. 

Tlie  fourth  hypothesis  is  that  hibernating  reptiles  might  harbor 
the  virus  through  the  winter  months  and  restore  it  to  activity  in  the 
st>r leg ■  Gebhardt  and  Hill^’*^  and  Thomas  and  Eklvnd^)  in  I960  were 
able  to  demonstrate  that  WEE  virus  could  be  carried  through  the  winter 
by  garter  snakes  under  laboratory  conditions.  In  the  autumn  they  in¬ 
jected  snakes  with  virus  and  allowed  them  to  hibernate  under  simulated 
natural  conditions.  In  the  spring,  when  the  snakes  came  out  of  hiber¬ 
nation,  they  were  shown  to  develop  a  viremia  as  the  temperature  warmed 
up.  Virua  levela  in  the  snakes  during  the  hibernation  period  were  very- 
low  or  non-de  tec  table  but  increased  with  the  increase  in  body  temper¬ 
ature  that  developed  during  the  warm  spring  months. 

Karatad'^3,  working  In  Georgia,  collected  snakes,  turtles,  tor¬ 
toises,  skunks,  anoles,  and  alligators  and  tested  them  for  virus  and 
antibody  titer.  Of  the  99  repti.es  tested,  he  found  seven  (five  snakes, 
one  turtle,  and  one  alligator)  to  possess  significant  titers  of  Eastern 
Equine  Encephalomyelitis  (EEE)  virus-neutralising  antibody  at  the  time 
of  capture.  He  was,  however,  unable  to  isolate  any  virus. 

The  possibility  that  reptiles  may  serve  ss  overwintering  hosts 
presents  a  vary  interesting  approach  to  the  problem.  Several  investi¬ 
gators  have  studied  hundreds  of  snakes  and  have  failed  to  find  any 
desxmstreble  virus.  Gebhardr  and  Hill^1*',  however,  have  recently 
claimed  to  have  found  live  WEE  virus  in  the  blood  of  a  garter  snake 
following  hibernation.  The  importance  of  this  discovery  will  require 
further  ver  if  icat  1.  n  but  may  well  be  of  considerable  importance  in  ex¬ 
plain  ng  overwintering. 

The  fifth  hypothesis  for  overwintering  is  that  bird  or  animal 
hosts  may  harbor  the  virus  ss  a  latent  infection  .ditch  would  remanifeat 
itself  at  a  later  date  due  to  tome  external  or  internil  stimulation. 
Several  instance*  have  been  noted  in  the  literature  t^iere  birds  or 

to  harbor  virus  several  weeks  or  months  after 
Beeves  et  il.(13>  injected  284  birds  with  WEE 


mammals  have  been  shown 
the  initiel  Infection. 
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virus  tad  was  able  to  re~iaol*te  the  virus  fro®  various  organs  tod  eh* 
blood  1-10  Months  later.  Slavia^12^  Injected  2-w*ak-old  mice  boro  to 
hyperimmune  Mothers  and  Isolated  SIB  virus  in  3  of  14  pairs  71-162  days 
lat*r.  Using  an  electrophoresis  procedure,  Glitsky  and  Loag^®*  mr« 
able  to  recover  vaccinia  virus  133  days  after  it*  injection  into  a  rab¬ 
bit.  Olitsky  et  al.*-^'  were  also  able  to  recover  the  poliomyelitis 
virus  23  days  after  it  had  been  injected  into  a  acuity ,  which  subse¬ 
quently  exhibited  all  the  syrq?r,oas  of  polio,  followed  by  as  apparent 
full  recovery.  Here  age in,  electrophoresis  was  used  to  separate  the 
virus  frotn  the  immune  serum  In  which  it  was  suspended.  these  experi¬ 

ment*  would  tend  to  indicate  that  virus  can  persist  in  *  mama* lien 
host  for  long  periods  of  time.  In  many  instances  detection  of  virus 
is  eppsrently  masked  by  the  presence  of  neutralising  antibodies.  In 
other  cases  the  v  s  apparently  reaches  some  sort  of  equilibrium  with 
the  immune  defenses  of  the  body  and  may  appear  in  a  free  state  after 
the  passage  of  a  period  of  time.  One  would  think,  however,  that  the 
latter  situation  would  be  the  exception  rather  than  the  rule. 

It  has  been  known  for  some  time  that  there  are  several  means  by 
which  a  virus  can  be  dissociated  from  its  coa&ining  antibody.  The 
method  of  electrophoresis  has  already  bean  cited.  Rubin  and  Franklin^20? 
reported  that  a  snail  percentage  of  combined  Newcastle  Disease  Viru* 
can  be  dissociated  from  it*  antibody  by  dilution.  Other  worker#  have 
noted  this  same  phenomenon  with  aunty  of  the  viruses.  This  mechanism 
could  explain  the  appearance  of  virus  in  an  animal  system  if  the  animal 
were  passive  I y  immunised  and  produced  enough  new  tissue  end  body  fluids 
to  dilute  out  the  virua-sntlbody  mixture. 

Handel^21*  has  shown  Chat  a  change  in  pH  will  lead  to  almost  a 
100T  dissociation  of  poliovirus;  perhaps  conditions  exist  for  such  a 
phenomenon  in  the  mammalian  system. 

Howe^22),  working  with  the  poliovirus,  was  able  to  recover  the 
virus  froa>  feces  during  the  period  of  let*  convalescence.  Th la  re¬ 
covery  was  affected  by  extracting  the  feces  with  Freon  113,  which  ie  e 
protein  extractant.  Ho  virus  was  rscoversd  without  the  us*  of  Freon 
113.  The  success  of  the  Frson  in  aiding  the  recovery  of  the  viru*  was 
belisved  to  be  caused  by  the  removal  of  antibody  that  was  masking  re¬ 
covery  by  conventional  means. 

(23) 

Soave  performed  a  very  interesting  experiment  using  rabies 
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virus.  He  injected  e  grow;  of  24  guinea  pig*  with  rabies  virus  and  11 
of  the®  subsequently  died  with  the  symptom#  of  rabies.  Sevan  and  one- 
half  months  later,  12  surviving  animals  from  this  group  ware  started 
on  a  regimen  of  ACTH  treatments.  Three  of  these  12  guinea  pigs  subse¬ 
quently  died  with  the  symptom*  of  rabies.  Rabies  virus  was  positively 
Identified  from  one  of  these  three  by  sub-passage  in  mice.  This  finding 
indicates  that  combination  of  virus  -  antibody  can  actually  be  shifted 
towards  the  liberation  of  free  virus  by  appropriate  hormone  treatments. 

The  dissociation  of  virus  fro®  antibody  by  digestion  with  proteo¬ 
lytic  eftsyse*  offers  soma  very  interesting  possibilities.  Chescer^4^ 
was  able  to  demonstrate  the  dissociation  of  tobacco  mosaic  virus  from 
ant  ibody  combination  by  pepsin  digestion,  Kalmanaon  end  Bconfenbrenner ' 
in  1943  were  eble  to  dissociate  coliphage  from  anti-col iphage  using 
either  pepsin  or  papain  digestion.  The  pepsin  digestion  was  much  slower 
and  had  to  be  performed  st  a  rather  low  pH,  which  is  often  detrimental 
to  many  viruses.  The  pepein  digestion,  however,  proved  to  be  very  ef¬ 
fective  end  would  liberate  phage  in  a  short  period  of  time.  They  fur¬ 
ther  noted  that  if  the  phage  were  over -neutralised  with  a  large  amount 
of  antiphage  and  allowed  to  sit  for  a  long  period  of  time,  the  phage 
could  not  be  recovered.  On  the  other  hand,  if  the  phage  was  just  com¬ 
bined  with  enough  antibody  to  neutralise  it,  then  it  could  readily  be 
recovered  by  papain  digestion. 

These  studies  prompted  this  investigator  to  wonder  what  the  ef¬ 
fect  of  papain  digestion  would  be  on  WE E  virus  combined  with  antibody. 
The  literature  indicated  that  EEE  virus  was  sensitive  to  chvmotrypsin 
but  not  to  trypsin.  Since  Kalmanson  and  Bronfenbrenner  had  such  good 
success  with  papain  on  the  coliphage.  an  experiment  was  thus  set  up  to 
determine  the  sensitivity  of  WEE  virus  to  papain.  A  concentration  of 
papain  of  1:10,  1:100,  and  1:1000  was  set  up  end  WEE  virus  introduced 
into  these  entyme  preparations.  The  mixture  was  then  digested  for 
2-1/2  hr  st  37  C.  The  results  of  this  experiment  showed  that  the  1:10 
and  1:100  concentration  of  papain  were  apparently  toxic  to  the  virus 
but  that  the  1:1000  dilution  yielded  as  good  a  recovery  of  the  virus 
as  the  untreated  control . 

Subsequently,  an  experiment  wss  set  up  to  determine  if  virus  could 
be  recovered  from  neutrsliring  antibody.  Virus  and  antibody  were  com¬ 
bined  end  allowed  to  equilibrate  for  1  hr  at  37  C,  then  the  mixture  was 
subjected  to  papain  digestion  for  2-1/2  hr.  About  a  50%  recovery  of 
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viru*  w«8  obtained  usiag  a  1:1000  tad  1:2000  dilution  When  tempered  with 
th*  control.  Further  experiments  have  shown  that  ibcut  a  1:600  dilu¬ 
tion  of  papain  is  optimal  for  recover?  of  th#  viru#  from  th*  antibody. 

It  has  also  been  noted  that  the  ratio  of  neutralizing  antibody  to 
virus  appears  to  be  important .  MOvern#«tral  iaad'*  viru#  is  more  diffi¬ 
cult  to  recover.  Further  research  is  required  in  this  area  to  clarify 
this  problem.  In  any  event,  it  has  been  proven  that  the  WEE  virus  can 
be  dissociated  from  its  neutralising  antibody  and  recovered  in  an 
infective  state. 

The  fact  that  a  proteolytic  enzyme  can  release  WEE  from  its 
neutralizing  antibody  and  that  viru#  can  persist  in  the  presence  of 
antibody  for  prolonged  periods  of  time,  opens  up  a  whole  new  field  of 
epidemiological  possibilities  as  far  as  the  study  of  the  latency  of 
arthropod-borne  viruses  are  concerned. 

Let  us  reconstruct  s  hypothetical  case  of  infection  from  a  latent 
source.  Assume  that  a  mosquito  cakes  a  blood  meal  from  a  bird  that  has 
recently  returned  from  a  migratory  flight  {resulting  in  its  having  an 
excess  of  adrenocorticotropic  hormone).  This  bird  has  been  infected 
the  previous  year  with  WEE  Virua  and  still  has  combined  virus-antibody 
circulating  in  its  blood  stream.  The  hormonal  stimulation  effected  by 
the  stress  of  the  migratory  flight  has  shifted  the  virus-antibody  equi¬ 
librium  to  the  point  where  the  virua  is  just  neutrslized.  The  mosquito 
ingests  this  "just  neutrslized"  blood  and  subjects  it  to  proteolytic 
enzyme  digestion  in  its  gut.  This  digestion  destroys  the  antibody  and 
liberates  the  virus.  (Scriveni,  Reeves,  and  Brootaasn^^  showed  that 
C.  tarsal  is  could  destroy  the  antibody  in  24  hr  or  less.)  The  virus 
then  undergoes  multiplication  during  the  intrinsic  incubation  period 
(see  the  work  of  Merrill  end  Ten  Broeck^''^  denoting  a  10,000-fold  in¬ 
crease)  .  The  mosquito  then  bites  another  susceptible  bird  host  and 
the  chain  of  infection  is  continued  through  the  winter.  All  the  pieces 
of  the  puzzle  appear  to  be  present.  Efforts  to  reconstruct  this  entire 
picture  by  experimental  evidence  have  not  yet  amt  with  success  but  ef¬ 
forts  will  be  continued  along  this  line. 
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THE  PERSISTENCE  OF  FASTEURELLA  TUtARENSiS 
IN  SOILS  UNDER  A  VARIETY  OF 
CLIMATIC  SITUATIONS 


D.  S ,  Thorne 

Bio  logic*!.  Division,  Dugwey  Proving  Ground 
Dugv*y,  Utah 


Contaminated  water  has  been  imp  1  leaned  in  severe!  outbreak*  of 
tularemia  in  man.  While  the  exact  means  by  which  the  water  became  con¬ 
taminated  is  not  known,  several  possibilities  exist.  These  include 
(1)  the  presence  of  dead,  infected  animals  in  the  water,  (2)  the  d*s~ 
charge  into  the  water  of  contaminated  animal  excretory  materials,  and 
(3)  the  contamination  of  water  during  runoff  with  soil  containing 
Pasteurella  tulareneis  organisms  from  dead  animals  or  excrement.  That 
animal  discharges  earn  contain  large  numbers  of  p.  tularenaia  has  heen 
shown  by  several  workers,  including  some  in  our  laboratory  who  will 
present  data  at  these  meetings.  In  considering  the  third  possibility. 
It  became  of  interest  to  determine  the  length  of  time  P ,  tularemia 
can  persist  in  soil  under  a  variety  of  climate  and  soil  condition*. 
The  persistence  of  P.  tuiarensis  in  the  soil  is  the  subject  of  the 
present  report. 

To  investigate  this  problem,  three  different  soil  types  were 
selected.  They  were  all  taken  from  the  IXigvay,  Utah  area  and  were  of 
the  general  **1 ine-alkal ine  type.  The  first,  designated  as  "sandy 
knoll  soli",  was  s  very  fine  wind-blown  sand.  It  had  s  soluble  aelt 
content  of  about  0.57,  and  contained  a  very  smell  amount  of  plant 
debris.  The  pH  of  the  saturated  soil  waa  7.5.  The  second  type  celled 
"clay  flat  soil"  was  a  silty  sand.  It  contained  about  IX  salt  and  e 
small  amount  of  plant  debris.  Its  pH  was  7.9.  The  third  type  designated 
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"••It  flat  soil"  was  a  ailt  which  contained  about  63,  salt  and  was  nil 


in  organic  matter.  Its  pH  was  7.5. 

The  variables  considered  in  this  study  were  (1)  oil  type,  (2) 
surface  vs.  subsurface  contamination,  (3)  soil  moisture,  (4)  expo  aura 
to  sunlight  v*.  shading,  (5)  depth  in  the  soil,  and  <fe)  seasonal  changes, 

the  toil  vat  contained  in  trays  which  were  sunk  into  the  ground  . 
these  trays  were  covered  with  hood#  to  protec'  the  soil  fro®  extraneous 
factor*  such  as  wind  and  rain  and  access  by  anises l*.  Met*  1  hoods  cov¬ 
ered  th®  shaded  plots  and  plastic  hoods  covered  the  plots  exposed  to 
sunlight.  Other  plots  were  covered  with  screens  as  s  cSieek  against  aay 
deleter  lavs  affect*  of  the  asetai  or  plastic  hoods.  The  plastic  used 
transmitted  about  673.  of  the  germicidal ly  effective  energy  <-*f  suamer 
daylight,  this  figure  was  determined  by  weighing  the  transmitted  in* 
tensities  of  several  spectral  bands  in  terms  of  Luekiesh's  (1946)  curve 
for  the  relative  germicidal  ef f*e t ivensss  of  radiant  energy, 

the  hoods  were  ventilated  by  scans  of  louvers  in  the  sides  and 
top  of  th*  hoods,  and  surface  and  subsurface  soil  temperatures  outside 
and  beneath  the  hoods  were  recorded  during  the  exper iaieti ts .  A  typical 
summertime  maximum  temperature  for  the  surface  of  the  ground  was  140  f 
as  compared  to  145  f  under  the  plastic  hood  and  110  F  under  the  metal 
hood.  Subsurface  temperatures  during  the  same  period  were  113,  125, 

and  100  F  for  the  outside,  plastic  hood,  and  metal  hood,  reaper tively. 
The  ground  temperature  got  very  high  during  sunnier  days  and  waa  only 
•  lightly  higher  under  the  plaatic  hood  than  outside  the  hood;  either 
temperature,  however,  would  ream  to  be  incompatible  with  the  survival 
of  the  organism.  Ground  temperature  under  the  natal  hood  remained 
cooler  than  the  outside,  as  would  be  expected.  Typicsl  wintertime 
maximum  surface  tamperaturea  were  90,  110  and  65  F  for  th*  outside, 
plastic  hood,  and  metal  hood,  respectively  Here  the  temperature  was 
considerably  increased  by  the  presence  of  the  plastic  hood.  Subsur- 
fsce  temperature*  during  this  period  were  70,  3J ,  and  60  F  for  the  out¬ 
side,  plastic  hood,  and  metal  hood,  respectively. 

Surface  inoculation  was  effected  by  aerosolizing  a  suspension  of 
the  virulent  Schu  strain  of  P,  cularensis  with  «  Chicago  atomizer 


*  "Flex-O-Claaa"  plastic  film.  Thickness  4  mils.  Warp  Brothers, 
Chicago,  Illinois. 
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ov* r  the  filled  tray*  contained  In  a  special  inoculating  hoed.  the 
nixed  insulation  we*  accwopi  iabcd  by  aerosol icing  the  materiel  with 
•  Chicago  atomiser  Into  a  modified  concrete  mixer  containing  the  toll 
and  then  placing  the  inoculated  toil  into  the  trey*.  Plot*  which  were 
watered  were  ap rayed  with  distilled  water  periodically  to  maintain  a 
malar  condition  of  the  toil. 

In  order  to  study  all  combinations  of  the  factor*:  soil  type, 
type  of  inoculation,  soil  moisture,  sunlight  exposure  astd  shading,  a 
split  plot  type  of  experimental  design  was  chosen.  got!  plot*  were 
set  up  i«  two  replicates.  Each  replicate  toatalscd  five  whoie-pidt* 
or  '‘environment*’’.  Each  !'<mviromaaru"  conaiated  of  a  particular  hood 
and  moiature  combination.  Whole-plat*  were  divided  into  cw»  split- 
plot*,  one  being  the  aurface  inoculation  and  the  other  the  mixed  in¬ 
oculation.  Each  apiit-plot  in  turn  was  divided  into  three  aplit-aplit- 
plota  corresponding  to  the  three  soil  types.  Each  soil  waa  divided 
into  eight  compartments .  One  oi  the  eoasjsar  tment*  of  each  soil  was 
sampled  each  time.  All  units  were  randomly  arranged.  In  this  setup 
each  soil  was  represented  in  each  type  of  inoculation  for  each  environ¬ 
ment  and  each  environment  had  two  repl  teat  ions . 

Sampling  was  dune  by  taking  a  3/4  inch  diameter  core  of  the  soil. 
The  surface  layer  down  to  a  depth  of  l/4  inch  and  the  layer  between 
1  end  1-1/4  inch  from  the  core  were  assayed.  A  2 0%  suspension  of  the 
soil  v*s  made  in  gelatin  phosphate  diluting  fluid  containing  0.2% 

gels  tin  and  0  AX  NsjHPO^.  Appropriate  dilutions  were  made  and  plated 

on  Peptic  Digest  Starch  medium  (Levin,  Tropin,  and  Cabelll,  1962). 
The  plating  medium  contained  500  units  of  peniciil le/al ,  500  ug  of 

atreptomycin/al  and  300  ug  of  ac t id tone/al  to  inhibit  the  normal  soil 
microflora . 

In  the  first  experiment,  which  va*  conducted  in  June  1962,  the 
maximum  temperatures  ranged  from  94-99  F  and  ths  relative  humidity  (HH) 
ranged  between  5  and  45t.  In  thia  experiment  it  becaswt  immediately 
evident  that  P.  tularensi*  would  not  survive  longer  than  1  day  in  soil* 
exposed  to  sunlight  under  these  hot,  dry  conditions.  This  was  true 
down  to  *  depth  of  et  least  1-1/4  inch  irfiich  was  the  deepest  that  the 
toil  was  sampled  and  it  did  not  matter  if  the  soil  was  watered,  How¬ 
ever,  whet,  the  toil  plot  was  shaded  by  the  me  tel  hood,  no  recovery  waa 
obtained  from  the  surface  aemple  after  24  hr,  but  viable  P.  tularenala 
was  recovered  up  to  72  hr  In  the  aubsurfece  samples. 
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Since  it  was  apparent  that  the  only  recovery  of  the  organism 
after  24  hr  in  soils  exposed  to  these  harsh  conditions  would  be  con¬ 
fined  to  the  subsurface  layer  of  tolls  shaded  ftnm  sunlight,  all  other 
staseser -time  experiment*  were  limited  to  soil*  inoculated  by  mixing  and 
•haded  fro®  Sunlight  by  netal  hoods.  Five  hood*  sere  employed,  each 
hood  being  a  replicate,  and  the  split-plots  ware  the  watered  and  non- 
watered  treflts>ants  .  Experiments  conducted  in  the  wintertime  Included 
surface  inoculation  and  sunlight  exposure  at  previously  described. 

Hit  second  experiment  was  initiated  o  August  27,  1962,  It  was 
concluded  on  August  31.  The  weather  was  again  hot  and  dry.  Tempera¬ 
ture  at  the  t Late  of  setup  was  60  F  and  RH  was  27 %.  Maximum  tempera¬ 

tures  during  the  experiment  ranged  between  74  a.;d  88  F  with  low*  down 
to  48  f,  RM  during  the  experiment  ranged  between  7  and  48%,  The  soil* 
were  initially  dry.  AH  plots  were  shaded  with  metal  hoods  and  the 

soil  was  inoculated  by  Mixing  only.  Forty-five  ml  of  a  suspension  con- 

training  27  x  10 10  organisms/ml  was  inoculated  into  36.4  kg  of  each 
soil,  giving  an  initial  concentration  of  30  x  10'  organ ira»/g  of  sail. 

Hie  average  persistence  time  of  the  organism  in  salt  flat  soil 
of  39  hr  was  significantly  longer  than  in  the  other  two  soils.  The 
persistence  time  of  26  hr  for  clay  flat  soil  w as  also  significantly 
longer  than  that  for  sandy  knoll  soil  which  was  only  12  hr.  Watering 
had  a  significant  effect,  the  persistence  time  being  longer  for  soils 
which  were  watered  than  for  soils  vrtUch  were  not  watered.  There  was 
a  water ing-by- level  interaction,  in  that  watering  increased  the  per¬ 
sistence  time  in  the  surface  layer  move  chan  it  did  in  the  subsurface 
layer.  The  persistence  time  for  the  individual  soils  is  the  average 
between  watered  and  non-watered  plots,  since  there  was  no  interaction 
of  watering  with  soil  type;  in  other  words,  all  soils  responded  to 
watering  in  a  similar  manner.  Likewise,  the  persistence  times  for 
watered  and  non-watered  soils  is  the  average  for  all  three  soil  types. 

The  third  experiment  was  initiated  on  November  13,  1962,  and  lasted 
until  February  18,  1963.  During  this  prolonged  period  much  freezing 
weather  was  encountered.  The  temperature  at  the  time  of  setup  was 
46  F  and  the  RH  was  44%.  Temperature  and  humidity  varied  considerably 
over  this  long  period.  Temperature  in  November  ranged  from  15-63  F, 
in  December  from  -5  to  57F,  and  In  January  and  February  from  -16  to 
50  F.  Soils  were  initially  moist.  Ail  plots  were  shaded  by  metal 
hoods  and  the  soil  was  inoculated  by  mixing  only.  Forty-five  tnl  of  a 
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suspension  containing  28  x  10*  organistas/al  was  inoculated  into  38. 4 
kg  of  soil,  giving  an  initial  eewcentrac Ion  of  33  x  IQ7  organisass/g  of 
soil.  The  persistence  time  for  sandy  knoll  soil  was  210  hr  or  about  9 
days.  That  for  salt  fiat  soil  was  280  hr  or  about  12  days.  These 
soils  were  not  significantly  different.  However,  for  clay  flat  soil 
che  persistence  time  extended  to  2200  hr  or  about  92  days. 

WaLer  caused  a  significant  difference  but,  strangely,  in  this  ex¬ 
periment  the  persistence  time  was  decreased  in  soils  which  were  watered, 
'nil#  phenomenon  might  be  explained  by  the  fact  that  continued  watering 
over  an  extended  period  might  leach  che  soluble  salts  from  che  soil, 
decreasing  the  osmotic  pressure  of  the  soil  solution.  Leaching  of 
these  saline-alkaline  soils  also  causes  a  rise  in  the  soil  pH  which 
might  be  harmful  to  che  organism.  Levels  were  significantly  different; 
the  organism  persisted  longer  at  the  lower  level.  Again,  there  was  a 
watering  by  level  interaction.  When  the  soil  was  watered,  the  persist¬ 
ence  time  was  about  the  same  in  both  layers,  but  when  the  soil  was  not 
watered,  the  persistence  time  was  less  in  the  cop  layer. 

It  is  my  opinion  that  the  initially  moist  condition  of  the  soil 
in  this  experiment  ia  the  predominant  factor  which  led  to  the  long 
persistence  time  of  the  organism.  Another  experiment  which  was  con¬ 
ducted  during  September  and  October  1962,  when  conditions  were  con¬ 
siderably  more  hostile,  supports  this  impression.  In  cha-  experiment 
the  organism  persisted  in  moist  salt  flat  aoil  for  35  days  as  compared 
to  less  than  1  day  in  dry  clay  flat  soil. 

In  an  experiment  conducted  in  December  1962,  when  plastic  hood* 
and  surface  inoculation  were  again  employed,  there  waa  no  significant 
effect  of  sunlight  exposure  at  the  deeper  soil  level,  but  there  was 
some  evidence  that  sunlight  exposure  decreased  the  persistence  time 
of  the  organism  on  the  surface.  In  the  wintertime  the  temperature  of 
the  subsurface  soil  does  not  attain  the  lethal  degree  that  it  does 
in  the  summertime.  Sunlight  exposure  in  the  summer  definitely  has  a 
deleterious  effect  on  che  microorganism  in  the  soli.  On  the  surface, 
the  proportion  of  this  effect  due  to  heat  and  that  due  to  germicidal 
radiation  would  be  difficult  to  ascertain.  Certainly  the  toil  in  Che 
eumaert Ime  reaches  temperatures  that  are  incompat ibl*  to  the  organism. 
Any  lethal  effect  of  sunlight  at  che  aubsurfaca  level  is  most  certainly 
due  to  heat  alone,  since  eny  germicidal  radiation  cannot  penetrate  soil 
to  this  depth. 
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Differences  between  soli  types  are  inconclusive  in  these  experi¬ 
ments.  it  is  quite  iikeiy  that  each  soil  has  its  own  optimum  range  of 
moisture  for  the  survival  of  the  organism.  Since  the  initial  moisture 
content  of  the  soils  varied  between  experiments,  the  reason  that  one 
soil  gave  a  longer  persistence  time  that,  another  ®ay  simply  be  because 
the  moisture  level  of  the  soils  in  that  particular  experiment  was 
nearer  the  optimum  tor  the  favored  soil. 

Watering,  in  general,  had  the  effect  of  producing  higher  recov¬ 
eries  at  least  in  the  earlier  sampling  t  lavs,  but  in  ore  experiment  in 
which  the  persistence  time  was  considerably  extended,  eofntLnued  watering 
caused  a  significant  decrease  in  the  recovery,  This  phenomenon  sight 
be  explained  by  the  fact  that  prolonged  watering  leaches  the  soil  of 
its  soluble  salt  and  decreases  its  osmotic  pressure  and  also  that 
leaching  of  these  sal ine*a Ikal ine  soils  causes  a  rise  in  the  soil  pH. 

There  was  a  consistent  water ing-by-3evel  interaction  in  these  ex¬ 
periments,  in  that  recovery  in  the  surface  layer  of  dry  soils  was  Much 
less  than  in  the  subsurface  layer,  whereas  in  soil*  which  were  watered 
the  recovery  was  more  nearly  equal  in  the  two  levels.  This  effect  was 
perhaps  more  pronounced  in  the  coarser  sandy  knoll  soil  which  tends  to 
dry  out  faster  than  the  ocher  two  soil  types.  This  effect  is  probably 
due  to  the  rapid  drying  of  the  surface  of  the  soil.  Applying  water 
keeps  the  surface  in  a  moist'  condition  more  nearly  equal  to  that  at  the 
subsurface  level. 

In  summary;  P.  tularensle .  when  inoculated  by  the  aerosol i**t ion 
of  a  concentrated  suspension  onco  the  surface  of  dry  soil,  whether 
or  not  the  soil  was  subsequently  watered,  would  not  survive  longer 
than  1  day  under  hot,  summertime  conditions,  and  when  it  wee  mixed  into 
the  soil  it  would  not  survive  longer  than  1  day  down  to  a  depth  of 
1-1/4  Inches  if  the  soil  was  exposed  to  sunlight;  however,  if  the  soil 
was  shaded  from  sunlight,  the  organism  could  persist  up  to  72  hr  et 
this  lover  depth.  Uheu  the  soil  was  initially  moist  and  protected 
from  eunlighc  end  the  orgenisme  were  mixed  into  the  soil,  F,  tularensis 
could  persist  in  the  subsurface  soil  under  hot,  susenertime  conditions 
for  at  least  35  day*  and  under  wintertime  conditions  for  at  least  92 
days  . 

Subsequent  watering  of  the  soil  tended  to  prolong  the  persistence 
of  the  organism  in  the  surface  layer  of  the  soil  more  than  it  did  at 


the  deeper  level.  The  Initial  moisture  condition  of  the  soil  appeared 
to  be  an  important  factor  Influencing  the  persistence  of  the  organism. 
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DISCUSSION 

Derr :  As  most  of  you  probably  know,  a  number  of  year*  ago  it  was 
found,  I  think,  that  streptococci  lying  in  the  dust  or  on  the  floor  of 
the  barracks,  though  they  retained  their  viability  for  prolonged  per¬ 
iods  of  time,  rapidly  lost  their  ability  to  infect  men.  A  number  of 
people  have  since  been  involved  in  studies  wherein  the  asaoc it t ion  of 
viability  and  infectivity  of  t.  tulerensis  is  rarely  demonstrable 
within  relatively  brief  periods  of  time  in  the  airborne  state  for  both 
experimental  animal  and  man.  The  question  that  1  think  is  crucial 
about  your  studies  on  viability  is,  what  do  we  know  about  the  relation¬ 
ship  of  viable  P .  tularensis  under  these  storage  conditions,  if  you 
will,  to  the  soil  and  their  infectivity? 

Thorne :  The  recovered  organisms  in  these  experiment*  were  spot- 

checked  for  virulence  by  guinea  pig  inoculation  aa  well  aa  being  iden¬ 
tified  by  slide  agglutination.  Virulence  was  demonstrated  in  every 
case;  however,  no  titration  of  viru lance  was  attempted. 

Hatch :  Are  you  aware  of  the  fact  that  P .  tularanala  ha*  bean 

Isolated  from  the  Bitter  Boot  Valley,  Montana,  In  aoll  samp lam  con¬ 
taining  cystine?  Did  you  attempt  to  edd  cystine  to  your  soil  samples? 
Did  you  use  other  media  to  determine  viability? 

Thorne ;  No,  we  have  done  neither  of  theaa.  The  only  medium  we 
used  wes  Peptic-Digest-Starch . 
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For  a  long  time  it  ha*  been  recognised  that  mice  are  auaceptible 
to  infection  with  influents  viruses.  Strain*  of  virus  that  have  never 
been  previously  passaged  in  mice  readily  multiply  to  high  titer  in  the 
mouse  respiratory  tract,  and  strains  adapted  to  mice  by  serial  passage 
produce  typical  areas  of  pulmonary  consolidation  that  frequently  lead 
to  death  of  infected  animals.  Nevertheless ,  it  has  proven  experimen¬ 
tally  difficult  to  induce  mice  to  transmit  influenaa  virus  infection 
from  one  to  the  other  with  reproducible  results.  A  number  of  years 
ago,  Eaton  observed  transcu«s ion  of  influenaa  virus  infection  when  he 
|  housed  infected  and  uninfected  mice  together  in  small  jars.  The  spread 

■i  of  infection  was  determined  by  the  presence  of  pulmonary  lesions  in  the 

|  contact  animals.  Since  that  time,  however,  other  investigators  have 

•  encountered  difficulty  in  obtaining  similar  results. 

For  the  past  3  _vr  we  have  been  working  with  an  experimental  model 
to  study  transmission  of  influenza  virus  infection  in  mice.  In  the 
course  of  these  investigations  ve  have  defined  a  number  of  factora 
which  significantly  influence  the  rate  at  which  infection  is  trans¬ 
mitted  -factors  that  may  in  part  explain  the  difficulty  that  other  in¬ 
vestigators  have  found  in  the  past. 

Mice  were  infected  with  influenza  virus  by  exposure  to  an  aerosol 
mist  of  virus  in  a  closed  chamber.  The  chamber  was  simply  an  old  auto¬ 
clave  chat  had  been  modified  so  that  a  nebulizer  could  be  introduced 
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at  right  angle*  to  a  room  air  Inlet,  and  an  exfcauat  opening  could  be 
attached  to  a  vacuum  eource.  Twenty-five  litera/min  of  air  were  evacu¬ 
ated  from  the  chamber ;  20  litera/ain  entered  the  chamber  as  room  air 
and  5  liters/ain  were  introduced  through  the  nebuiiaer.  During  a  40- 
Bin  {period  alee  were  exposed  to  approximately  100  mouse  infective  doses 
of  influenza  At  (Asian)  virus. 

Contact  between  infector  mice  and  previously  uninfected  animals 
«**  established  according  to  one  of  two  experimental  designs.  In  the 
first  of  these,  infector  mice  were  placed,  two  each,  in  small  stainless 
steel  cages  shortly  after  infection.  Twenty-four  hr  later,  contact  was 
initiated  by  adding  two  previously  uninfected  mice  to  each  cage.  A  24- 
hr  period  of  contact  was  permitted,  after  which  contact  mice  were  re¬ 
moved  and  isolated  in  individual  cages  for  48  hr.  Ground  lung  suspen¬ 
sions  from  contact  animals  were  then  prepared  and  inoculated  into  chick 
embryos  to  demonstrate  the  presence  or  absence  of  virus.  Thia  partic¬ 
ular  time  period  for  contact  was  chosen  for  specific  reasons.  To  de¬ 
termine  the  period  of  maximum  infeetiousness ,  four  successive  groups  of 
contact  mice  were  exposed  to  the  same  group  of  infector  mice  for  24-hr 
period*  beinning  immediately  after  initiation  of  infection.  Virtually 
all  transmitted  infections  occurred  among  mice  exposed  to  infector  mice 
during  the  period  from  24-48  hr  after  the  infection  of  the  infector 
mice . 

This  selective  period  cannot  be  related  directly  to  virus  titers 
in  the  tissues  of  infector  mice  at  various  periods  during  the  course 
of  infections.  Peak  titers  of  virus  were  not  attained  in  the  lungs 
until  48-72  hr  after  initiation  of  infection,  and  titers  were  not  appre¬ 
ciably  lower  at  96  hr.  Titers  of  virus  in  the  trachea  were  likewise 
still  at  peak  levels  at  96  hr,  and  appreciable  titers  of  virus  in  the 
nose  did  not  appear  until  long  after  transmission  ceased.  In  addition, 
we  obtained  throat  swabs  from  infector  mice  at  24-hr  intervals  fol¬ 
lowing  infection.  Ihe  percentage  of  svabs  from  which  influenza  virus 
could  be  isolated  was  as  high  (60%)  96  hr  after  infection  as  after 
either  24  or  48  hr . 

If  I  may  digress  for  a  moment,  I  think  that  these  observations  pin¬ 
point  a  frequent  conceptual  error.  We  tend  to  equate  Infectiousness 
with  the  ability  to  isolate  organisms  from  an  appropriate  site  in  a 
potential  infector.  Obviously,  the  presence  of  such  organisms  in  sites 
from  wh  Ich  the  infection  can  be  effectively  transmitted  is  essential 
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to  such  ti  ansa, las  loti .  However ,  th«  mere  presence  of  the  microorganism 
doe*  roc  prove  Chet  the  subject  is  capable  of  effectively  introducing 
Chet  microorgan; soi  into  the  environment  end  infecting  other  subjects. 

We  heve  observed  that,  in  fact,  lone  animal*  in  our  experimental  node! 
transmit  influenza  virus  infection  touch  more  effectively  than  others. 

I  have  already  explained  that  in  the  first  of  our  experimental  model*, 
two  contact  animals  are  housed  with  two  infector  mice  during  the  con- 
tact  period.  In  28  individual  experiments,  vo  have  examined  511  pairs 
of  contact  mice  to  determine  the  frequency  with  which  bath,  neither,  at 
one  of  a  pair  acquired  infection^  tfe  found  that  there  were  more  pair# 
in  which  both  mice,  or  neither,  became  infected  than  was  predicted-  Con¬ 
versely,  fewer  pairs  than  predicted  were  found  in  which  one  animal  ac¬ 
quired  infection  and  the  other  did  not.  Our  interpretation  of  these 
results  is  that  the  infector  mice  vary  in  their  ability  to  transmit  in¬ 
fection.  In  cages  where  there  was  a  good  transmitter,  both  contact 
mice  tended  to  acquire  infection,  whereas  in  those  cagea  where  neither 
Infector  mouse  was  a  goat  transmitter,  neither  exposed  contacc  animal 
acquired  infection.  In  some  of  these  experiments  we  examined  the  tis¬ 
sues  of  infeccor  mice  for  influenza  virus  at  the  end  of  the  contact 
period.  Infector  mice  from  cages  in  which  one  or  both  contact  animals 
acquired  infection  did  not  have  higher  titers  of  virus  in  the  nose, 
trachea  or  lungs  than  Infector  mice  that  did  not  transmit  infection. 

The  varying  ability  to  transmit  infection  is  not,  therefore,  simply  a 
consequence  of  varying  titers  of  microorganisms  in  the  tissues  of  po¬ 
tential  in  fee  tor  s  . 

I  mentioned  earlier  that  we  employed  a  mouse-adapted  strain  of 
Influenza  K2  (Asian)  virus.  We  chose  this  virus  after  comparing  it 
to  the  CAM  strain  of  influenza  Al,  a  strain  of  virus  which  has  been 
extensively  passaged  in  mice  but  even  on  initial  isolation  was  found 
to  be  quite  virulent  for  mice.  We  found  that  the  CAM  strain  multi¬ 
plied  to  greater  peak  pulmonary  virus  titers  (72  hr  after  infection), 
that  it  produced  more  extensive  pulmonary  lesions  and  caused  a  higher 
mortality  rate  than  the  A2  virus.  Nevertheless,  the  A2  s  <ain  proved 
to  be  more  rerdily  transmitted  from  one  animal  to  another  and  was 
therefore  chosen  on  that  basis.  1  believe  that  these  results  point  to 
the  need  t< -  dissociate  trsnsmissibil ity  from  other  parameters  of  viru¬ 
lence  such  as  lesion  production  and  mortality. 

Ihe  second  type  of  experimental  design  was  employed  to  study  the 
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mechanism  of  apresd  of  infection,  whether  by  large  droplet!  Introduced 
Into  the  immediate  environment  of  the  infeetors  or  by  tiny  droplet 
nuclei  which  are  store  freely  dispersed.  In  this  model,  contact  was  in¬ 
itiated  in  a  large  cage  inside  a  closed  chamber  through  which  the  air 
flow  could  be  controlled.  In  each  experiment  we  maintained  a  constant 
ventilation  rat*  (rate  of  air  flaw  through  the  chamber)  during  the  en¬ 
tire  24-hr  period  of  contact.  A*  we  increased  the  sir  flow  from  one 
experiment  to  another;  from  213-230  i ifcers/min,  the  rate  o£  transmitted 
infection  declined.  We  feel  that  this  Inverse  relationship  between 
ventilation  and  transmission  strongly  suggests  that  infection  is  spread 
by  droplet  nuclei.  One  would  not  expect  spread  by  larger  droplets  to 
be  influenced  appreciably  by  ventilation,  since  the  particles  sre  air¬ 
borne  for  only  very  brief  periods.  In  addition,  the  cage  was  divided 
by  a  double  mesh  wire  screen.  On  one  side  we  placed  all  the  infectors 
and  half  of  the  contacts  and  on  the  other  side  the  other  contacts.  In 
this  arrangement,  some  of  the  contact  mice  were  allowed  to  mingle  freely 
with  infecrors,  whereas  the  other  group  of  contacts  were  physically 
separated.  The  actual  amount  of  physical  separation  was  not  sufficient 
to  absolutely  preclude  spread  of  infection  by  large  droplets,  but  it 
did  insure  a  significant  difference  in  the  mean  distance  between  infec¬ 
tors  and  contacts  on  one  side  of  the  cage  as  compared  to  the  other.  If 
infection  were  spread  by  droplets,  this  should  have  produced  an  appre¬ 
ciate  difference  in  infection  rates  in  the  two  groups  of  contacts. 

In  act,  no  such  difference  was  found  -  an  observation  that  we  believe 
supports  the  hypothesis  that  infection  is  spread  by  droplet  nuclei 
freely  dispersed  in  the  environment. 

In  the  course  of  these  latter  experiments,  we  were  able  to  measure 
the  relative  humidity  (RH)  inside  the  chamber  during  the  contact  period, 
and  found  that  the  mean  &H  varied  from  40-70%  in  different  experiments. 
We  found  that  as  the  RH  increased  the  transmission  rate  tended  to 
decrease.  These  observations  are  in  accord  with  thoae  of  Harper  and 
Henrw a  et  al.  wfc o  showed  that  airborne  influenza  virus  survived  less 
well  at  higher  RH . 

In  the  course  of  experiments  in  irfiich  contact  was  initiated  in 
small  cages,  we  found  wide  seasonal  variations  in  the  rates  of  trans¬ 
mitted  infection.  IXiring  the  first  summer  we  found  that  only  one  of 
120  animals  exposed  to  transmitted  infection  acquired  the  infection 
in  experiments  carried  out  between  July  and  September.  This  was  in 
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contrast  to  the  preceding  December  arid  January,  when  22%  of  the  ex- 
posted  contacts  became  infected,  ftoese  differanees  were  not  associated 
with  seasons’  differences  in  peak  virus  titers  or  pulmonary  lesions. 
Part  of  this  striking  difference  assessed  attributable  to  the  influenc* 
of.  RH.  these  early  experiments  were  conducted  in  animal  rossa  equipped 
with  ordinary  sir  condi t inning  end  with  steam  and  electrical  heating 
during  the  winter.  in  Che  next  vrsr,  however,  w#  equipped  two  of  the 
animal  rooms  so  that  a  year -round  temperature  of  72  F  and  501=  RH  was 
maintained.  Under  these  conditions,  seasonal  variations  in  transmis- 
sisa  war#  far  less  set  iking.  Nevertheless,  even  with  year-round  con¬ 
trols  of  temperature  and  RH,  transmission  still  occurred  appreciably 
more  frequently  during  winter  ss  compared  to  summer  month*. 

In  this  experimental  model  we  have  excluded  the  effects  of  varia¬ 
tion  in  crowding  and  stress  as  a  result  of  exposure  to  cold,  factors 
which  are  so  often  incriminated  ir,  the  seasonal  variations  in  human 
respiratory  infection.  Only  part  of  the  seasonal  fluctuations  in  our 
experimental  modal  sees  to  be  related  to  the  effect  of  humidity,  and 
we  are  left  with  variations  for  which  we  have  no  ready  explanation. 
One  theoretical  possibility,  however,  is  that  the  release  of  virus 
from  the  infector  mice  is  influenced  by  their  respiratory  tract  secre¬ 
tion,  and  that  these  secretions  are,  in  turn,  influenced  (during  the 
course  of  influenza  virus  infection)  by  the  bacterial  flora. 
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DISCUSSION 

W7t* '  la  the  older  literature,  with  regard  to  plague,  reference 
is  made  to  the  individual  who  had  pneumonic  plague  with  e  very  frothy- 
type  sputum.  I  wonder  if  re  is  any  change  in  th*  character  of  the 
mucus  secretion  in  the  transmitters  vs.  the  rum-transsBitters .  Perhaps 
it  is  the  bacterial  flora  that  sight  be  Involved  In  thee*  mice  in  the 
winter-tie-  -  it  may  be  a  lot  different  than  in  th*  summer * t i»e . 

Sehnlwan;  We  have  not  jasde  any  observations  relative  to  the 
changes  in  asucue  secretion;  that  is  a  pretty  dirticult  thing  t»->  study 
in  the  mouse  other  than  by  crude  methods,  We  also  think  that  mucus 
aecretlcna  Might  be  very  iaiportaat.  We  have  observed,  however,  that, 
pulmonary  lesion*  in  the  good  transmitters  are  no  greater  than  in  the 
poor  transmitters.  What  we  did  was  to  kill  all  of  the  iniector  mice 
at  the  end  of  the  contact  period,  assay  the  virus  in  their  lungs,  arid 
make  estimations  as  to  the  extent  of  pulsaonary  lesions.  There  was  no 
difference  in  the  two  group*.  As  to  bacterial  flora,  we  also  feel  that 
this  may  play  a  significant  role,  at  least  with  regard  to  the  seasonal 
variations.  the  Bice  were  not  born  in  our  laboratory;  they  were  pur¬ 
chased  on  the  outside  at  A  weeks  of  age,  so  that  ell  sorts  of  seasonal 
variations  were  possible  before  they  were  actually  delivered  to  us. 

We  have  not,  thus  far,  been  able  to  demonstrate  any  difference  in  bac¬ 
terial  flora,  although  we  haven't  studied  it  very  extensively.  One 
observer  has  shown  in  the  past  that  the  bacterial  flora  in  the  respir¬ 
atory  tract  of  mice  does  vary  seasonally.  In  some  experiments  we  have 
infected  the  iniector  mice  with  a  gram-negative  rod,  Bordetel la  brunch  1  - 
septic* .  an  organism  trfiich  multiplied  quite  well  in  the  mouse's  rf  pir- 
atory  tract  without  killing  the  animal.  It  produces  small  pulmonary 
lesions  which  subside.  Three  days  later,  we  infected  those  animals 
with  influent*  and  found  that  the  doubly  infected  animals  were  much 
poorer  transmitters  of  influents  than  animals  that  had  not  previously 
been  infected  with  the  bacterial  organism.  This  U.  in  agreement  with 
observation*  made  years  ago  by  Glover,  that  animals  infected  doubly 
with  streptococci  and  influenza,  transmitted  the  streptococcus  much 
better,  but  were  poorer  transmitters  of  the  influenza  infection. 

Shlnef ield ;  Did  you  have  an  opportunity  to  study  factors  rela¬ 
tive  to  age  and  susceptibility  of  transmission;  the  capacity  to  trans¬ 
mit  vs.  susceptibility  of  che  mice? 

Schulaan :  Yes;  I  haven't  presented  those  data.  We  found  that 
older  mice  were  more  susceptible  to  acquiring  the  transmitted  infec¬ 
tion  than  younger  mice.  There  was  no  difference  with  regard  tc  age 
and  the  ability  to  transmit  the  infection,  but  there  was  in  th.  sus¬ 
ceptibility  to  acquiring  che  infection. 

*  VTTf  •  Voice  from  the  floor. 
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STUDIES  ON  EXPERIMENTAL  RESPIRATORY 
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Stout  1  Saslaw 

Department  of  Medicine 
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Columbus,  Ohio 


One  principle  1  learned  as  a  graduate  student  from  Dr.  N.  Paul 
Hudson  was  that  if  you  ever  talk  to  a  group,  remember  there  is  some¬ 
body  in  the  audience  who  know*  more  than  you  do  about  the  subject.  1 
have  always  respected  this,  even  when  talking  to  a  small  county  medical 
society  or  to  student*.  It  is  obvious  that  I  am  nov  addressing  a  group 
highly  skilled  and  accomplished  in  the  field  of  aerobiology. 

Our  work  with  monkeys  for  some  25  yr  has  included  studies  of  In- 

f  1-3) 

flueuza  and  streptococcal  infections,  singly  and  in  sequence^  , 
nutritional  studies  with  Vitamin  H^ind  folic  acid  def icieacies^5'^ , 
effects  of  total  body  irradiation^*^,  tolerance  of  chloramphenicol*^ 
and  studies  of  histoplasma  Infection# .  it*. re  recently,  we  have 
been  impressed  with  the  correlation  between  what  we  found  in  tularemia 
infections  in  humans  as  compared  to  what  we  observed  in  monkeys^^’  ' . 
We  like  to  work  with  monkeys  because  the  clinical  obaervationa  simulate 
pretty  closely  what  one  tees  in  a  patient.  Monkeys  alao  lend  them¬ 
selves  well  to  hematologic  and  serologic  studies. 

Studies  we  did  some  25  yr  ago  on  influenza  in  monkey*  were  done 
by  lntranaaal  instillation  under  so-called  "light  ether"  anesthesia, 
and  we  lost  a  few  monkeys  to  that  "light  anesthesia".  The  threshold 
was  a  bit  precarious.  They  coughed  and  gagged  if  not  adequately  anes¬ 
thetized  and  one  wasn't  certain  of  dose  absorbed.  Under  these  con¬ 
ditions  we  found  that  the  PR 8  strain  of  influenza  virus  did  not  produce 


obvious  illness,  did  get  a  leukopenia  end  serologic  evidence  that 
we  had  introduced  the  agent*.  When  we  gave  the®  a  type  C  strepto¬ 
coccus,  they  likewise  exhibited  no  obvious  illness,  but  had  a  iouku- 
cytoeis  and  serologic  evidence  of  Infection.  When  we  gave  both  agent* 
together,  nothing  unusual  happened.  Influenza  Vitus  followed  by  the 
streptococcus  2-3  weeks  later,  however,  occasionally  resulted  in 
streptococcal  septicemia,  Since  these  studies  were  done  by  rather 
crude  methods,  »e  fait  that  now,  with  newer  «sathv«i»,  we  had  the  chance 
to  re-evaluate  aoae  of  these  data  as  well  as  working  with  other  organ¬ 
isms  in  anticipation  of  doing  sos»e  work  in  monkeys  on  mixed  infections. 
The  studies  we  tre  going  to  describe  today  axe  of  a  preliminary  nature 
wherein  aerosol  challenge  was  conducted  in  4  Model  3  Henderson  appar¬ 
atus  , 


First  of  all,  after  giving  them  a  hemolytic  streptococcus  aerosol 
containing  about  4.3  x  10  organisms,  we  found  really  nothing  clini¬ 
cally  happening  in  the  animals.  So  illness,  no  fever,  no  positive 
blood  culture,  although  there  was  a  significant  rise  in  antistrepto¬ 
lysin  titer  and  a  modest  leukocytosis. 

Going  over  to  the  pn.  jjsococcus  with  the  aerosol,  again  we  drew  a 
blank  giving  1.0  at  10  with  a  Type  3  pneumococcus.  h*o  illness  was  ob¬ 
served  ami  everything  else  was  negative;  blood  cultures  and  even  naso¬ 
pharyngeal  cultures  were  negative. 

Then,  using  an  80/81  staphylococcus  aerosol,  1,5  x  10^  organisms, 
again,  clinically  the  animals  looked  well.  So  blood  cultures  were 
positive,  but  nasopharyngeal  cultures  were  positive  from  1-3  days. 

Thus,  the  gram-positive  cocci  studied  did  not  produce  any  appreciable 
disease  following  aerosol  challenge. 

In  preliminary  studies  with  influenza,  a  mouse  lung  aerosol  con¬ 
taining  1.7  x  10"*  mouse  LD^'s  of  the  PR8  strain  was  used.  A  very 
mild  illness  was  observed  in  two  of  seven  monkeys.  All  developed 
antibodies  and  showed  the  leukopenia  observed  when  intranasal  instil¬ 
lation  was  used. 

Next,  preliminary  studies  with  Rickettsia  rickgtsii  were  per¬ 
formed,  employing  yolk  sac  material  and  containing  6-67  yolk  sac 
LDjO  s  Per  liter-  These  monkeys  were  exposed  for  3  min,  so  potentially 


they  had  an  exposure  of  three  times  this  amount ,  With  the  smallest 
dose,  two  of  eight  became  ill  and  died.  As  the  dose  was  increased, 
invariably  most  of  them  developed  clinical  Illness,  comparable  to 
whet  you  See  in  »  human  as  far  as  Rock)  (fountain  Spotted  Fever  is  con 
cerned,  with  about  a  7 515,  mortality. 

To  date  vaccination  of  monkeys  prior  to  challenge  afforded  solid 
pr.'iet  tion.  Therapy  with  broad  spectrum  antibiotics  usually  resulted 
in  ccwnplere  recovery. 

In  summary,  aerogenic  challenge  of  monkeys  with  staphylococci, 
pneumococci  and  streptococci  produced  no  obvious  clinical  aytaptora*. 
The  influents  virus  challenge  resulted  isi  minor  symptoms  of  anorexia 
And  ilstiessncss  for  2-4  days  in  two  of  seven  monkeys.  The  aerosol 
challenge  with  8_,  rickettsf i  produced  severe,  often  fatal  disease 
similar  to  that  observed  following  naturally-acquired  disease.  Vac¬ 
cine  afforded  complete  protection.  Tetracycline  therapy,  started 
AS  hr  after  symptoms,  was  usually  followed  by  complete  recovery. 
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THE  SUSCEPTIBILITY  OF  BIRDS  TO  TULAREMIA 


V.  J.  Cabelli,  F,  A,  Hodapp,  £.  il.  Ferguson,  arid  B.  C,  McElaury 

Dugway  Proving  Ground 
Dugway,  Utah 


Naturally-occurring  infections  with  Pasteurelia  t.u iarens It  have 
been  observed  in  several  species  of  gallinaceous  birds.  These  Include 
the  bob-white  quail^,  the  ringneck  pheasant^),  several  species  of 
grouse*^’4)  and  probably  the  sage  hen^'.  Several  of  these  same  specie* 
have  been  reported  as  being  relatively  susceptible  to  infections  with 
P.  tularensis  from  experiments  in  which  the  organisms  either  were  in¬ 
jected  into  the  birds  or  were  fed  to  them  in  contaminated  grain  or  in¬ 
fected  tissue ^ ®) .  However,  the  ringneck  pheasant  and  the  sage  hen, 
which  were  shown  to  be  naturally  infected  and  were  implicated  in  the 
transmission  of  tularemia  to  m*nv  ,  have  been  reported  as  being  rela¬ 
tively  resistant  to  infection  with  P .  tularensis^’7)  ,  Most  of  these 
early  report*  do  not  contain  information  on  the  dosage  used  to  infect 
the  animals  or  the  number  of  organism*  which  were  recovered  from  the 
blood  and  excreta  of  the  infected  birds.  In  the  studies  to  be  described 
with  the  mourning  dove,  Zenaldura  macruora ,  the  abov,  information  was 
obtained  in  order  to  define  the  susceptibility  of  this  species  to  in¬ 
fection  with  P.  tularensis  and  to  obtain  preliminary  informal  too  con¬ 
cerning  the  potential  of  this  species  to  transmit  the  diaeaae. 

The  dove*  used  tn  this  study  were  trapped  in  tl a  areas  In  and 
around  Dugway ,  Utah.  The  ten  doves  .available  for  experimentation 
were  divided  into  two  group*,  one  of  vdiich  was  to  receive  a  respiratory 
date  of  approximately  10^  viable  P.  tularensis ,  strain  Schu,  cell*  and 
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the  gee  one  group  of  10  organisms.  the  sera  froe  an  additional  twe,ve 
u«vexpo*ed  bird*  were  also  tested  for  the  presence  of  antibodies 
against  this  organism.  Prior  to  aeroaol  exposure,  the  ten  birds  were 
bled,  and  antibody  titer*  against  £.  tuiarensis  were  determined  using 
a  tube  agglutination  test.  Spray  suspensions  of  the  organism  were  pre¬ 
pared  from  14-16  hr  cultures  grown  In  modified  casein  partial  hydro¬ 
lysate  OCPH)  medium.  Respiratory  exposure  was  accomplished  with  aer¬ 
osols  continuously  generated  from,  these  suspensions  into  a  modified 
Reynier  chamber  by  a  University  of  Chicago  .echmeal  Laboratory 
(Chicago)  atomizer,  the  numbers  of  organisms  in  the  aerosols,  and 
thereby  the  numbers  cf  organisms  inspired,  were  determined  from  air 
samples  collected  in  the  all-glass  impinger  and  plated  on  peptic-digest 
starch  (PDS)  medium^'.  Hie  day  following  aerosol  exposure,  and  peri¬ 
odically  thereafter,  blood  and  cloaca!  swab  samples  were  taken  and 
processed  to  determine  the  numbers  of  £.  tularengis  organisms  present. 
Samples  of  the  cloacai  contents  were  removed  using  cotton-tipped 
applicator  sticks.  The  swabs  containing  the  cloacai  material  then 
were  placed  in  tubes  of  collecting  f  luid*'  ^  which  were  shaken  to  sus¬ 
pend  the  organisms,  serial  10-fold  dilutions  were  prepared,  and  ali¬ 
quots  of  these  dilutions  were  plated  on  PDS  medium  to  which  strepto¬ 
mycin  had  been  added.  By  using  a  streptomycin-resistant  strain  of  J?, 
tularengis  and  adding  penicillin,  streptomycin  and  actidione  to  the 
medium,  the  quantitative  recovery  of  the  organism  was  obtained  in  the 
presence  of  the  indigenous  microbial  flora  of  the  cloaca.  Blood  sam¬ 
ple*,  removed  by  intravenous  or  intracardial  puncture,  were  diluted 
•nd  plated  in  a  similar  manner-  Upon  autopsy  of  the  birds,  the  numbers 
of  organism*  in  their  tissues  were  quantitatively  determined.  The  sen¬ 
sitivity  of  the  assay  ayatem  for  the  recovery  of  the  P,  tularensis 
cells  fro®  the  blood  was  50  orgs/ml,  from  the  cloacai  swab  20/swab, 
and  from  the  tissues  between  25-2500/g  of  tissue 

The  sequence  of  events,  in  terms  of  bacteremia,  excretion  of  or¬ 
ganisms  into  the  cloaca,  mortality  and  serological  response,  during 

5  18 

the  flret  14  days  subsequent  to  e  respiratory  challenge  dose  of  10 
organisms  it  shown  graphically  in  Fig.  1.  Data  are  not  presented  for 
birds  exposed  to  the  low  dose  (10*  organism*)  since  no  signs  of  infec¬ 
tion  were  obtained.  Of  the  chree  birds  tested  prior  to  aerosol  expo¬ 
sure,  none  showed  a  serum  titer  of  1:20  or  greeter,  furthermore,  titers 
of  1:20  or  greeter  were  not  obtained  from  the  other  18  dove  serum 
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RECOVERY 


x-i taskm/** 


447  KCG 

ti20 

#50  IS 

t  40 

454  NCG 

455  NEC 

>320 

496  IS 

*320 

Fig.  1.  Recovery  of  Pesteurel Is  tulerenele  from  the  blood  end 
cloecel  content*  end  the  serologic#:  response  of  mourning  dovee 
exposed  to  105'1®  organisms  vie  the  respiretory  route.  Baselines 
of  50  orgeoisms/ml  of  blood  end  20  orgen isae/c loseel  sweb  were 
u*ed  since  these  represent  the  sensitivities  of  ch»  #*#•;'  .ystesu 
used.  IS  »  insufficient  serum. 
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staples  examined .  Hoover,  £.  tulargnsts  agglutination  titers  of  2:40 
or  greater  were  seen  in  all  the  infected  birds  that  survived  to  the 
8th  day  post-exposure .  Two  of  the  dove*  excreted  relatively  large  num¬ 
bers  of  organism#  Info  their  cloacae  and  died  between  the  4th  and  8th 
days.  A  detectable  bacteremia  was  demonstrated  in  erne  of  these  two 
birds.  The  three  rensinmg  birds  showed  transient  low  levels  of  P. 
tularen* is  in  the  cloacae  and  survived  the  14-day  observation  period. 
The  recoveries  at  P,  tulsrensig  from  the  tissues  ef  the  birds  which 
died  of  the  disease  are  shown  in  Table.  2. 


TABLE  l.  Recovery  of  Pasteurella  tulerensia 
from  tissues  of  aerosol-exposed 
mourning  doves 


Tissue 

Log  recovery /mg  tissue* 

Lung 

2.06 

Spleen 

3.65 

Liver 

2.86 

Kidney 

1.32 

Prevent! iculus  i 

2.53 

Intestine 

3.22 

Cloaca 

3,17 

*  Geometric  means  of  recoveries  from  two 
birds;  dose  105,18. 


Thus,  it  appear*  to  be  quite  certain  that  the  mourning  dove  is 
relatively  insusceptible  to  disease  but  not  infection  with  P.  tularen- 
*1*.  even  when  large  numbers  of  organisms  are  introduced  via  the 
reapiratory  route.  This  relative  insusceptibility  does  not  appear  to 
be  acquired  during  the  lifetime  of  the  bird  but  rether  ia  innate  to 
the  speciee.  Thus,  the  mourning  dove  is  similar  to  the  pigeon,  to 
which  it  it  closely  related  taxonomicel ly ,  in  being  relatively  re¬ 
sistant  to  tularemia^ . 

The  existence  of  the  mourning  dove  for  many  ganerations  in  areas 
endaalc  for  tuleramia  raised  the  possibility  that  the  relative  resist¬ 
ance  of  this  species  to  infection  with  J7.  tularensis  may  have  arieen 
through  a  process  of  salactlon  In  population*  initially  suecapttble  to 
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this  disease.  In  this  regard,  information  concerning  the  suscepti¬ 
bility  of  specie*  having  little,  if  any,  contact  with  ?.  cularenal?  w as 
considered  of  interest.  fur th armor «  ,  the  mor*  frequent  r atw*  P 

tuiareasl*  fro®  the  eleaeal  contents  than  from  the  blood  of  dove  a  ex¬ 
posed  to  aerosol  suggested  that  fecal  transsisainn  could  be  significant 
in  the  dissemination  of  tularemia  by  birds.  The  presence  of  £,  tu Imr¬ 
ans  is  has  bean  reported  in  the  feces  and  urine  of  naturally  and  experi¬ 
mentally  infected  msasu  la ,  frog*  and  turtles'**'^  .  However,  there  is 
little  information  concerning  the  levels  of  this  organise  in  the  feces 
of  infected  birds  and  no  data  on  che  numbers  of  £.  tularensis  discharged 
by  highly  susceptible  avian  species,  the  widespread  distribution  of 
tularemia  made  the  investigation  of  land  bird*  for  these  purpose*  some¬ 
what  less  than  desirable.  However,  th*  species  of  tern*  and  noddies 
used  in  the  following  experiments  were  considered  appropriate  teat  sub¬ 
jects,  on  the  assumption  that  these  sea  birds  have  had  little,  if  any, 
contact  with  tularemia  for  numerous  generations ,  and  they  could  be 
gathered  in  large  numbers  at  their  nesting  sites. 

Preliminary  investigations  with  the  white-cap  noddy,  Anous  tenui- 
rostris.  revealed  this  bird  to  be  exquisitely  susceptible  to  the  lethal 
effects  of  tularemia  when  the  bird#  were  infected  via  the  respiratory 
route.  Of  even  greater  significance  was  the  observation  that,  in  con¬ 
trast  to  the  situation  with  the  mourning  dove,  extremely  large  numbers 
of  viable  P.  tularensis  organisms  could  be  isolated  from  the  blood, 
tissues  and,  especially,  the  cloacal  contents  of  the  infected  birds. 
The  possibility  that  in  highly  susceptible  birds  such  as  these  fecal 
transmission,  as  well  as  arthropod  vectors,  could  be  significant  In  the 
disaeminat ion  of  tularemia  was  studied  further  using  two  species  of 
noddies,  the  common  noddy  {An out  stolidua)  and  the  white-cap  noddy 
(A.  tenuirostris) .  and  two  species  of  terns,  the  white  tern  (£oi» 
alba)  and  the  sooty  tern  ( Sterna  fuscata) .  These  bird*  were  examined 
for  their  susceptibility  to  respiratory  exposure  with  varying  doses  of 
P.  tularensis  and  to  rechallenge  with  a  relatively  high  respiretory 
dose.  Information  also  was  obtained  concerning  the  sequence  of  events 
followiug  challenge  and  rechallenge  In  term*  of  the  levels  of  organisms 
in  the  blood,  cloaca  and  verioue  tisauea,  the  immune  response  following 
challenge,  the  susceptibility  of  the  birds  to  subcutaneous  and  oral 
Infection  end  the  transmission  of  ths  disease  from  respiretory- Infected 
bird*  to  susceptible*  housed  with  them. 
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following  their  capture  and  transport  to  these  laboratories,  the 
birds  were  maintained  in  wire  cages,  the  floors  of  which  were  covered 
with  sand.  They  ware  fed  a  diet  of  ground  squid.  With  the  exception 
of  the  whit*  tern,  which  did  very  poorly  in  captivity  and  whose  death 
fallowing  exposure  to  aerosols  of  p.  tularensls  could  riot  be  attributed 
definitely  to  the  disease,  the  remaining  species  of  birds  did  reason¬ 
ably  well  during  all  but  the  terminal  stages  of  their  captivity  (up  to 
6  months).  During  chi*  latter  period  the  birds  were  in  poor  condition, 
and  same  of  the  resulting  deaths  could  not  be  attributed  directl  to 
tularemia  During  this  period,  the  exper iasents  on  the  susceptibility 
of  the  birds  to  subcutaneous  and  oral  infection  and  the  investigation 
of  transmission  effi&ieaci**  were  per  formed . 

Respiratory  infection  was  accomplished  as  described  previously. 
Rechallenge  of  the  surviving  birds  was  performed  between  the  13th-lSth 
days  after  the  initial  exposure.  Subcutaneous  inoculation  of  appro¬ 
priate  dilutions  of  the  suspensions  referred  to  previously  was  accom¬ 
plished  by  the  injection  of  the  material  into  the  breasts  of  the  birds. 
A  tube  was  used  to  introduce  suspensions  of  the  organism  into  the 
esophagi  of  the  birds  when  oral  infection  was  being  studied, 

To  investigate  secondary  transmission  of  tularemia  from  infected 
to  susceptible  birds,  two  birds  were  exposed  to  appropriate  numbers 
of  P.  tu larensts  via  the  respiratory  route.  These  birds  previously 
had  been  brushed  to  remove  ectoparasites.  Following  respiratory  ex- 
posure,  the  birds  either  were  air  washed  in  clean  air  or  were  placed 
in  the  sunshine  for  1-2  hr  to  reduce  the  number  of  viable  organisms 
which  might  have  contaminated  their  feathers.  On  the  2nd  day  post¬ 
exposure,  the  susceptible  birds  were  introduced  into  the  room  housing 
the  two  birds  exposed  to  aerosol .  The  room  was  approximately  10  ft 
long  by  8  ft  wide  by  8  ft  high  and  was  ventilated  along  its  walls. 

In  the  first  trial,  the  floor  was  left  bare;  in  the  second  trial, 

Che  floor  was  covered  with  sand  to  a  thickneas  of  about  1/4  inch. 

Blood  samples  for  teroioglcal  analysis  were  taken  prior  to 
challenge  of  Che  bird*  and  again  about  the  17th  and/or  14th  -ay  post- 
axposure  In  those  instances  when  rechallenge  experiments  were  per¬ 
formed,  surviving  birds  sgsin  were  bled  on  the  7th  and/or  24th  day 
post-exposure  In  general,  the  day  following  aerosol  exposure  and 
periodically  thereafter  blooo  and  cloacal  swab  samples  were  taken  and 
assayed  as  described  previously. 


In  the  first  experiment  on  the  respirator y  exposure  of  white  terns 
to  varying  doses  ot  P.  fularansis .  tus  definitive  information  on  their 
susceptibility  could  be  obtained  due  to  the  inability  to  maintain  the 
birds  in  6  healthy  condition  while  in  captivity .  However,  viable  or* 
ganis-ss*  were  recovered  fro®  the  blood  and/or  the  pooled  cloaca!  swab* 
taken  fro®  birds  which  had  received  a  challenge  dose  of  at  fett  at  200* 
250  organisms  via  the  respiratory  route  Furchensors ,  ?.  tulartmsis 
was  recovered  in  the  large  majority  of  instances  fre®  the  brains, 
hearts j  kidneys,  livers,  lungs  and  spleens  of  tfve  birds  which  died  sub¬ 
sequent  to  the  3rd  day  post -challenge .  Further  experistentatioR  with 
this  species  was  discontinued  because  of  the  questionable  nature  of  the 
results  obtained. 

Since  significant  numbers  of  viable  P .  tuiarenflis  cells  were  re¬ 
covered  from  the  cloacal  contents  of  the  white-cap  noddy  terns  in  the 
preliminary  experiment  referred  to  previously,  assays  were  performed 
on  the  individual  Clascal  swabs.  Also,  there  were  indications,  con¬ 
firmed  in  later  expet  listen ta,  that  the  levels  achieved  on  a  given  day 
were  dependent  on  the  number  of  organisms  to  which  the  bird  had  been 
exposed-  The  LD5q  estimate  of  246  organisms  with  95%  confidence  limits 
of  25-2130  is  somewhat  questionable  since,  even  with  the  white-cap 
noddy  sdsich  survived  in  captivity  much  better  than  the  i^Uce  tern, 
constant  handling  required  to  obtain  the  necessary  samples  may  have 
contributed  to  their  deaths  However,  Table  2  shows  a  strong  indica¬ 
tion  that  the  day  of  death  of  che  birds  wa*  dose-dependent. 


TABLK  2.  Death  of  white-cap  noddies  following  respiratory 
infection  with  Pasteurella  tularansls  ss 
a  function  of  dose  and  time 


LDjq  -  246  viable  cells. 
95%  -CL  -25  -  2130 


15? 


To  clarify  the  extent  to  which  the  white-cap  noddy  excrete*  P, 
fuiarettsia  lists  the  cloaca,  «a  add  It  loft*  1  experiaent  w»*  performed  in 
edsieh  the  eioecai  #w*b#  wwr*  assayed  individually .  in  view  of  Us* 
high  degree  tsf  auseepitM  1  Ity  of  thi*  specie*  to  reaplratory  exposure 
shown  In  the  previous  experiment,  only  two  group*  of  bird*  were 
used  and  they  both  received  relatively  assail  respiratory  dose*  of  P. 
tularen^is  -  The  results  of  thi*  experiment  in  terms  of  lethality  and 
the  recovery  of  orgsnisas  fits®  eh*  blood  and  the  cloaca  are  shown  in 
Table  1.  Beginning  about  the  3rd  day  post-exposure  and  extending 
through  th«  i  Jth  day,  extremely  large  numbers  of  organists*  could  b« 
recovered  fro®  the  Clascal  contents  of  the  individual  birds.  In  sosae 
of  the  birds,  the  recovery  of  P.  to  taransig  ire*  the  cloaca!  contents 
preceded,  or  was  greater  than,  that  ttose  the  blood-  The  estimated  LDjq 
was  9.92  organisms  with  confidence  limit*  of  0.393-38?.  tha  organisms 
were  recovered  fro®  the  brains,  Kidney*,  livers,  lungs  and  spleens  of 
almost  all  tilt  birds  which  died  fro®  the  3rd  through  the  13th  day.  As 
described  previously,  because  of  the  wide  variation  in  response  fro® 
one  bird  to  another,  the  geometric  rather  than  the  arithmetic  means 
of  the  recoveries  from  the  blood  and  cloacal  contents  were  used  to  de¬ 
fine  the  response  of  the  species  to  a  given  respiratory  dase  .  Five 
birds  survived  the  13th  day  past-exposure  observation  period;  data  on 
the  rechallenge  of  these  f  irds  will  be  presented  later  in  this  paper. 
The  susceptibility  of  a  common  noddy  to  respiratory  exposure  with  P. 
ttil  arena  is  was  investigated  in  the  next  experiment  ■  Six  groups  of  six 
birds  each  were  exposed  to  graded  doses,  ranging  fro®  10°  ^  -  10"1 
organisms  The  estimated  UXjq  was  10. S  viable  ceils  with  95?,  confi¬ 
dence  limits  of  6.6-17-3.  The  time  of  appearance  of  the  organisms  itt 
the  blood  and  the  cloacal  contents  and  the  levels  achieved  (Table  9) 
as  well  as  the  time  of  death  (Table.  5)  appeared  to  be  dose  dependent. 
The  geometric  means  of  the  numbers  of  organisms  recovered  front  the 
cloacal  contents  and  the  blood  of  the  birds  as  a  function  of  time  ana 
respiratory  dose  are  shown  in  Fig.  2  and  3  Pa6teure  i  la  tulareiisis 
was  isolated  from  almost  ail  the  tissues  of  those  birds  which  died 
between  the  5th  and  13th  day  post -exposures  (Table  6). 
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TABLE  3.  Lethal  effect*  *M  felcKsd  and  cloaca!  level*  of 
gjt&Ha&illj  tul*r«B*i»  following  respiratory 
expo# ure  ®£  whlt«-e«p  ttsddiei 


Resp 

dose 

'  ! 
'Jfay  Post 
‘Exposure 

j 

! 

J 

;  fk)  .  Of  j 

;  Surv . 

BLOOD  : 

1-^1  i  Ora/»l 

CLOACAL  CGSTESfTS 

Log,  Org/»v“b 

♦/ total  j 

Ifeanj 

n 

tang®  ; 

+/  total 

1  Mean 

[  . .  j 

io2-30 

i  5 

10 

0/10 

1 

i 

0/10 

3 

10 

0/10 

j 

1/7* 

|  0.63 

4. 38 

e 

\ 

9 

1/9 

3. 75 

4.23-5.42 

7/9 

3.26 

2.38-6.34 

!  ? 

6 

} 

6/6 

4.18 

.1.88-7.40 

6/6 

4  28 

2  20-6.78 

l 

I  5 

3/3* 

(4.17 

3.59-4.78 

5/5 

4.88 

4.08-6.04 

!  2 

2/2 

4.6? 

i 

4.30-5.04 

2/2 

i  3-34 

7.53-4.15 

i  * 

1/1 

3.58 

■  3  58 

1/1 

i  ; 

4.52 

I 

4.32 

101.53 

. 

12  1 

0/ 12 

! 

! 

|  0/12 

I1-  1 

! 

3 

12 

0/12 

1/7* 

!  0.19 

j 

1.30 

| 

5 

ll 

3/ 1  i 

i.l? 

1.70-6.46 

3/11 

0.43 

1.30-1.85 

7 

9 

3/8* 

1.58 

2.76-5.41 

4/9 

1  ,93 

3,36-5.60 

| 

1 

9 

7 

5/7 

I  2 . 86 

2.00-6.81 , 

2/7 

1.74 

5.72-6.45 

i 

11 

3 

2/5 

1.13 

2.81-2.83 

2/5 

1  .23 

2.53-6.19 

13 

4 

2/4 

1.93 

2. 47-5. 25 

2/4 

2.18 

1.96-4.18 

Unusable  simples  due  to  assay  plates  overgrown  by  normal  flora 
or  contaminants  accounts  for  difference  between  the  number  of 
surviving  birds  and  the  "total"  samples  taken. 

U>50  -  9.92. 

95%  CL  -  .  393-387  . 
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TABLE  4.  Lethal  effect®  and  blood  and  cloaca!  levels  of 
Past  cure  1  la  tularenels  following  respiratory 
exposure  of  cwwton  noddies 


95%  CL  ■=  6.78-17.3 
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TABLE  3.  Death  at  ccaason  noddles  following  respiratory 
infection  with  Pasteurs! la  tularensis 
as  a  function  of  dose  and  tine 


Rt?sp  j 
t>o$e  j 

s 

1  Number 

dead 

on  day  post 

“exposure 

Dead/Total 

2 

3 

4 

6...j 

8 

10 

Uj 

>12 

105-00 

i  i 

X  ! 

1 

*  s 

l 

j  l 

1 

j 

6/6 

103’70 

% 

2 

1 

| 

6/6 

102-W 

1 

j 

2 

i 

t  1  ; 

l 

1 

| 

5/  5 

]02.J0 

| 

2  ! 

! 

2 

i. 

1 

5/6 

1q1-w 

1 

2  | 

3 

i 

5/6 

100.52 

_ 

.  1 

t 

! 

1 

i_  j 

l 

3 

i/4 

TABLE  6.  The  isolation  of  Paateuralla  cuiarensis  from 
the  ciasues  of  common  noddies  exposed  to 
aerosols  oi  the  organisms 


Days  to 
death 

Sacrificed* 
or  Died 

P. 

tularenai*  recc 

wered  from 

Brain 

Kidney 

Liver 

Lung 

[  Splfcen 
k- - 

1 

f - - - - 

Sacrificed 

0/2 

r-w..  - ■  ->- - 

0/2 

> - - - 

0/2 

1/2 

! - 

1/2 

2 

Sacrificed 

0/2 

1/2 

0/2 

2/2 

2/2 

3 

Sacrificed 

0/2 

1/2 

1  2 

2/2 

i/2 

4 

Sacrificed5*'  ^ 

0/2 

2/2 

1/2 

2/2 

2/2 

5-13 

Died 

27/29 

28/29 

29/29 

29/29 

29/29 

*  Data  from  a  separate  experiment  in  which  the  birds  were  ex¬ 
posed  to  10^-®  organisms, 

s  Cioacal  swabs  and  blood  samples  assayed  on  aacrlfice  da.”  were 
negat ive . 

{  Log  recovery  from  one  cioacal  swab  was  2.08. 
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Fig.  1.  Levels  of  Pasteorel la  tularensis  recovered 

fro*  c he  blood  of  common  noddle*  following  respiratory 

.  ,  .  .  .J3  -52  ,„5  00 

challenge  with  i0  -  10  .rgar.isms. 
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Two  sooty  terns  were  available  for  experimentation .  These  were 
£ 

exposed  to  approximately  10  organisms  via  the  respiratory  route.  One 
of  £K“  two  birds  did  not  have  an  antibody  titer  against  P.  tularensis 
at  tii*  time  of  exposure-  It  developed  excresseiy  high  levels  af  tire 
organism  in  both  the  blood  and  the  cloaca!  contents  and  died  within  5 
days  after  respiratory  challenge.  Ihe  second  bird,  which  had  a  signif¬ 
icant  anti-tularense  titer,  did  not  develop  a  bacteremia,  discharged 
only  a  few  organisms  into  the  cloaca  and  survived  Che  po&t~**pcsure 
observation  period  (Fig.  4). 

In  order  to  obtain  an  inaight  into  the  sequence  of  events  in  the 
various  tissues  following  respiratory  exposure  of  the  birds  to  P.  tular- 
ensls.  to  obtain  information  as  to  the  means  by  which  the  organisms  art- 
excreted  into  the  cloaca  and  to  explore  the  hazard  to  other  birds  or 
mammals  upon  the  ingestion  of  the  tissues  of  birds  which  have  died  of 
tularemia,  an  additional  experiment  was  performed  with  six  white-cap 
noddies  exposed  to  approximately  101  organisms  via  the  respiratory 
route.  Upon  the  death  of  the  birds,  or  at  sacrifice,  tissue  homogen¬ 
ates  were  quantic'.ively  examined  for  the  number  of  P.  ttUarensis  or¬ 
ganisms  present.  The  quant i tat ive  recovery  of  the  organisers  from  the 
various  tissues  aa  a  function  of  time  is  shown  in  Fig.  5.  It  can  be 
seen  that  massive  involvement  of  the  lung,  liver  and  spleen  occurred 
early  in  the  disease  process.  This  was  followed  by  the  isolation  of 
large  numbers  of  P.  tularerss  is  from  the  ga'il  bladder  and  then  the  in¬ 
testine.  Organisms  were  recovered  from  the  pancreas,  kidney  and  fin¬ 
ally  the  cloacal  contents  in  large  numbers  subsequent  to  their  isola¬ 
tion  from  the  liver.  Thus ,  it  appeared  that  with  small  dosea  of  P. 
tulargnais  introduced  via  the  respiratory  route,  massive  involvement 
of  the  liver  and  kidney  occurred  during  the  ■ ntermediate  stages  of  the 
disease-  process  and  was  probably  the  source  for  organisms  which  were 
discharged  into  the  intestine  and  cloaca.  Furthermore,  from  the  re¬ 
sults  with  white-cap  noddy  #176  (Table  6)  chronic,  persistent  infec¬ 
tions  of  the  liver  and  kidney  with  concurrent  discharge  into  and  ex¬ 
cretion  from  the  cloaca  is  a  distinct  possibility. 

As  the  first  step  towards  determining  the  potential  for  veccor 

transmission  by  the  single  species  of  soft-shelled  ticks  (Orn i thodoros 

capens is)  removed  from  terns  and  noddies,  a  triai  was  performed  In 
4 . 6 

which  approximately  10  organisms  were  injected  into  cosmoa  noddies 
via  the  subcutaneous  route  The  numbers  of  ?_ .  tu  latens  is  organisms 
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RECOVERY  /  C  CO* CAL  SWAB  OR  /  ml  BLOOD 


Fig.  4.  Recovery  of  Pas  teure 1 Is  tularensis  from  the  blood 
end  cloacal  contents  and  the  serological  response  of  sooty 
terns  exposed  to  10^'  *®  organisms  via  the  respiratory  route. 
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OATt  SO*T  EXSOMM 


Fig.  5.  Levels  of  Pasteure  Ha  tu  larensls  re¬ 
covered  from  che  tissues  of  white-cap  noddies  ex¬ 
posed  to  I0‘  organisms  via  Che  respiratory  route. 


recovered  from  both  the  blood  and  the  cloaca!  contents  between  the  4th 
and  7ch  days  were  comparable  to  those  obtained  fro®  the  birds  infected 
via  the  respiratory  route  (Fig.  6).  On  autopsy,  la*  ge  numbers  of  P, 
tularens  is  organism*  were  recovered  from  the  lung*,  livers,  kidneys, 
gall  bladders,  intescine*  and  cloacae  of  ail  the  injected  birds. 

The  possibility  of  transmission  from  bird  to  bird  by  the  ingestion 
of  contaminated  feces  was  examined  init  ally  by  an  experiment  in  which 

\  -5 

approximately  10  organisms  were  fed  by  tube  to  five  common  noddies 
In  only  one  instance  were  viable  cel.s  recovered  from  any  of  the  birds; 
on  the  10th  day  post-exposure  i  cioacal  swab  from  one  of  the  bLrds 
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RECOVERY/ CLOACAL  SWABS  OR /ml  BLOOD 


1 


OAVS  POST  EXPOSURE 


Fig  6.  Level*  of  Peateurell*  tularenal*  recovered 
from  the  blood  end  cloecel  content*  of  cooenon  noddle* 
following  *  subcutaneous  Inoculation  of  10**  orgeniaoa  • 
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yielded  £.  tui arenels  So  Increase  in  antibody  titer  was  observed  in 
any  of  the  bird*  which  survived  to  the  8ch  day,  r.or  could  the  organisms 
b*  recovered  from  the  tissues  of  the  bird*  when  they  died  --  presumably 
due  to  cause*  other  than  tularemia.  This  subject  was  pursued  further 
lr.  two  secondary  transmission  experiments  in  which  "susceptible"  birds 
were  placed  with  aerosol-infeeti  birds  under  the  conditions  described 
previously.  In  the  first  experiment  the  floor  wss  bare;  in  the  seconds 
it  was  covered  with  sand.  Although  jp.  tulareuxia  could  not  be  recov¬ 
ered  from  the  blood,  cloaca!  contents  or  cissues  of  the  two  birds  ex¬ 
posed  to  a  respiratory  dose  of  approxima  sly  ten  organisms,  evidence 
for  secondary  transit, iss ion  to  the  susceptible  bird*  housed  with  them 
was  obtained  on  the  IGch  day  post  exposure  when  both  the  blood  and 
cloaca!  contents  of  one  bird  and  the  blood  sample  from  a  second  bird 
yielded  significant  numbers  of  P.  tularensis  organisms.  Hie  sporadic 
appearance  of  the  organisms  in  the  blood  and  cloaca!  content  of  the  two 
susceptible#  did  not  manifest  itself  further,  either  by  a  rise  in  anti¬ 
body  titer  or  in  the  persistence  of  the  organisms  in  the  tissues  of  the 
birds  as  seen  from  the  autopsy  data .  Conversely,  in  the  second  experi¬ 
ment  p.  tularensis  was  recovered  from  the  blocd,  cloacal  contents  and 

C 

tissues  of  two  birds  exposed  to  approximately  10  organisms  via  the 
aerosol  route.  However,  the  organisms  were  not  isolated  from  Che  biood 
or  cloaca!  contents  of  the  susceptible  birds  during  the  15th  day  post¬ 
exposure  observation  period,  nor  was  there  any  rise  in  antibody  titer 
in  either  the  susceptibies  or  the  birds  exposed  via  the  respiratory 
route  • 

As  noted  previously,  serological  analysis  and  rechallenge  proced¬ 
ures  were  performed  to  determine  the  immune  status  of  the  surviving 
birds.  In  the  preliminary  experiment  with  the  white-cap  noddies, 
those  birds  which  had  survived  through  the  14ch  day  again  were  bled 
for  sera  and  then  were  re-exposed  to  a  challenge  dose  of  lO^1'’®  organ¬ 
isms.  Data  on  individual  birds  treated  in  this  manner  (Table  7)  indi¬ 
cate  that  some  of  the  birds  had  demonstrable  titers  by  the  8th  day 
post-expoaure ,  and  that  all  the  surviving  birds  had  antibody  titers 
against  j>.  tularensis  by  the  15th  day  With  the  exception  of  bird 
#174,  these  birds  were  relatively  insusceptible  to  rechallenge  ir.  the 
sense  that  the  organisms  could  not  be  recovered  from  the  biood  and, 
with  one  excep t ion,  f r-ir.  the  cloaca!  contents.  Two  birds  which  developed 
transient  bacteremia*  to  the  initial  challenge,  which  developed  anti¬ 
body  '.iters  by  the  15th  day,  and  from  which  the  organisms  could  not  be 
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TABLE  7.  Antibody  titers  against,  and  blood,  cloacai  and  tissue  levels  of,  Pasteurelia  tularemia 
prior  to  and  following  respiratory  rechaiienge  of  wb ire-cap  noddies 
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recovered  frocu  the  blood  or  cloaca!  contents,  survived  the  entire  re¬ 
challenge  observation  period.  When  they  died  on  the  83rd  and  102nd  days 
post-challenge  (presumably  due  to  prolonged  captivity),  their  tissues 
were  negative  for  the  presence  of  the  organism.  Bird  #1/6  alao  showed 
a  transient  bacteremia  between  the  8th  and  10th  days  post-exposure  and 
developed  significant  antibody  titers  by  the  15th  day.  It  was  Insus¬ 
ceptible  to  rechallenge  both  in  terms  cf  surviving  the  18th  day  peat- 
rechallenge  observation  period  and  had  no  detectable  bacteremia  during 
that  period.  However,  both  this  bird  and  bird  #165  excreted  P.  tula- 
rensis  into  the  cloaca  On  the  35th  day  post-exposure,  vtfien  bird  #176 
was  sacrificed,  significant  numbers  of  the  organisms  were  recovered 
from  the  liver,  gall  bladder,  kidneya,  Intestine  and  cloaca.  The  brain 
was  negative  and  very  few  organisms  could  be  recovered  from  the  lungs, 
heart  and  spleen.  From  these  results  it  would  appear  that  thia  bird 
was  suffering  from  chronic  infections  of  the  liver  and  the  kidneya  be¬ 
cause  P.  tularensis  was  being  discharged  into  the  GI  tract  from  these 
organs . 

Large  numbers  of  P.  tularensis  were  recovered  from  the  blood  and 
cloacal  contents  of  bird  #364  which  survived  the  second  experiment 
with  the  white-cap  noddies  and  which  had  a  significant  an i.i body  titer 
by  the  13th  day  (Table  8).  The  organisms  persisted  in  the  blood  and 
the  cloacal  content  following  rechallenge  at  the  14th  day  post- 
exposure,  and  the  bi-d  expired  the  following  week,  at  which  time  P. 
tularensis  was  isolated  from  all  the  tissues  tested.  P.  tularensis 
was  recovered  from  the  blood  and  cloacal  contents  of  birds  #394  and 
#395  late  in  the  post-expoaure  observation  period.  They  died  before 
any  data  could  be  obtained  concerning  the  presence  of  the  organisms  In 
both  these  areas  following  respiratory  rechallenge  with  lO^-^O  or¬ 
ganism.  Neither  could  the  organisms  be  recovered  from  the  blood  or 
the  cloacal  contents  of  the  remaining  two  birds  during  the  13th  day 
poat-exposure  observation  period,  nor  did  these  birds  develop  signif¬ 
icant  antibody  titers  by  the  13th  day.  One  of  these  birds  (#405)  did 
develop  a  significant  bacteremia  following  rechallenge  The  organisms 
could  be  Isolated  from  the  tissues  of  both  these  birds  when  th->  died 
following  respiratory  rechallenge. 

Data  from  five  common  noddles  which  survived  the  13cn  «*ay  post- 
exposure  observation  period  ere  shown  in  Table  9.  Three  of  the  birds, 
#344,  #340  end  #357,  exhibited  only  transient  or  no  bacteremias,  or 


TABLE  8.  Antibody  titers  against,  and  blood,  cloacal  and  tissue  levels  of.  Pasteurella  tularensia  pr  > ->r  to 

-jnd  following  respiratory  rechailenge  of  white-cap  noddies 


par  al  blood.  Cl  *  per  cloacal  svab. 


i  '*# 


per  cloaca  I  swab. 


arg?  S  ib®  ..r  gar.  t  •  a?®  inty  the  cloaca  during  Che  p*n^  and  did 
fi.t  have  significant  antibody  t  tear*  by  the  33th  day  following  expo- 
stirs  they  wer*  esc has  langad  with  10"* ■*w  organ!*". ,  ;  .  tula- 

rengjg  was  recovered  frt®  she  blood  and  cioacal  content#  of  aP  three 
birds  and  frots  #13  their  i  iesue#  on  autopsy  Two  *-ird,»,  £3j2  ants  s-jos, 
had  significant  am  f -tuiarange  antibody  titers  prior  te  initial  expo¬ 
sure-  The  organism  wag  absent  cur  appeared  sporadically  lr  the  blood 
and.  or  cloaca  during  the  13th  day  post-exposure  obaarvat  Ion  period;  it 
was  not  recovered  irotn  either  bird  following  recha  1  iesge  .  in  contrast 
to  those  of  the  reiaafnfng  three  birds,  the  tissues  fro®  birds  »352  and 
f*3 55  were  not  uniformly  positive  for  the  presence  of  £.  eularcnai#  . 

In  fact,  it  would  appear  that  siganisrps  were  being  cleared  from  the 
tissues  when  the  birds  died  --  presumably  due  to  natural  causes. 

The  sooty  tern  (#461),  which  had  a  prechal  ler.ge  antibody  titer 
and  survived  a  high  challenge  dose  (Fig.  4),  subsequently  was  recnai- 
lenged  with  approximately  three  organisms.  P.  tularanalg  was  ant  re¬ 
covered  from  the  blood  of  this  bird  but  was  isolated  from  the  cloacal 
c  on  ten  ls  on  one  occasion.  A  white-cap  noddy  (#5051,  which  had  a  ques¬ 
tionable  pre-exposure  antibody  titer  against  P.  tuiarensis .  also  was 
exposed  at  this  time.  T*  tor  survived  the  observation  period;  on  only 
one  occasion  were  the  organises  recovered  from  the  blood  and  cloaca. 

Ho  rise  in  antibody  titer  ,4»  detected  in  either  bird,  these  two  turds 
again  were  challenged  with  a  resplracory  dose  of  !06  organisms. 
Bird  #505  was  inf er ted  and  died  of  the  disease  The  sooty  tern  (#461) 
survived  the  challenge  dose,  did  not  excrete  organ  isms  into  the  blood 
or  cloacal  concents,  and  showed  a  rise  in  antibody  titer  when  tested 
on  the  7th  post-exposure  day.  It  was  again  challenged  with  a  subcu- 
taneous  dose  of  10"  P,  tu larensis  cells.  The  results  of  this  and 
previous  challenge  experiments  with  birds  *#6i  and  #505  are  shown  in 
Ts  b  1  e  i  0  . 

the  relative  insusceptibility  of  the  mourning  dove  to  tularemia 
referred  to  previously  can  be  seen  more  clearly  in  the  light  of  the 
later  observations  with  the  highly  susceptible  terns  and  noddies. 
While  these  findings  do  lend  some  weight  to  the  hypothesis  that  pro¬ 
longed  habitation  m  areas  endemic  tor  tularemia  selects  for  avian 
species  and  or  pomjlat  ions  ■>ri?trly  iu  ems  disease, 

other  factors  such  as  diet  mav  be  more  determining  Menv  more  species 
of  land  birds,  especially  gallinaceous  game  birds  and  sea  birds,  will 
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TABLE  10.  Respiratory  and  subcutaneous  rechallenge  of  immune  birds 


Days 

Post-exposure 

Dose 

Route 

T - - - — - 

Log  recovery  or  agglutination  titer  in 

j  Bird  #5 

05 

Bird 

#461 

Bl<> 

Cl  * 

Sera 

B1 

~ — 

Cl 

Sera 

2 

10° -41 

Reap 

1:10* 

1:80 

3 

. 

• 

• 

m 

• 

5 

- 

ak 

• 

• 

6 

NS 

m 

NS 

• 

7 

- 

- 

- 

8 

• 

- 

• 

10 

4.05 

4.58 

2.84 

- 

12 

- 

- 

1:20 

- 

- 

1:80 

i06.58 

Resp 

1 

1:20 

1:80 

2 

- 

- 

• 

• 

3 

- 

• 

* 

• 

4 

2.88 

2.70 

. 

- 

5 

- 

- 

- 

• 

6 

3.30 

3.32 

• 

_ 

7 

dead* 

• 

• 

14 

- 

- 

>  1:320 

i05.o 

Subcut 

l 

All 

samples 

>  1:320 

14 

negative 

>  1:320 

...  ..  .  . 

,  r 

|  . 

_ 

1-14  days 

*  Weak  reaction 

|  On  autopsy  large  numbers  of  P.  tularensis  isolated  from  lung. 


liver,  kidney,  spleen,  cloaca  and  gall  bladder. 

O  B1  «  biood/ml 
n  Cl  -  cloacal  swab. 

have  to  be  studied  similarly  before  any  judgement  can  be  made  on  this 
subject.  Investigations  with  the  bob-white  quail  are  now  In  progress; 
and,  from  preliminary  data,  it  appears  that  they  resemble  the  doves 
by  being  relatively  resistant  to  tularemia.  It  is  not  inconceivable 
tnat  the  accumulation  of  quantitative  data  on  the  comparative  sus¬ 
ceptibilities  of  avian  species  to  tularemia  when  correlated  to  their 
phylogenetic  histories  would  give  an  insight  into  the  history  of  this 
disease 

The  excretion  of  the  organisms  into  the  cloacal  contents  is  not 
surprising  because  organisms  have  been  isolated  from  the  feces  and/or 
urine  of  hares,  rabbits,  guinea  pigs,  buffaloes,  turtles,  and  frogs 


f 


176 


experimentally  o'  naturally  infected  with  P,  tularensis.  But  the  large 
numbers  of  organisms  regularly  recovered  from  terns  and  noddies  was  un¬ 
usual  .  Even  in  the  relatively  resistant  mourning  dove  exposed  tc  large 
numbers  of  organisms  via  the  respiratory  route,  P .  tularensls  wss 
covered  from  the  blood  in  only  one  instance,  but  was  rs*ov«red  from  the 
cloacal  contents  of  all  five  of  the  birds  tested. 

Although  the  potential  fcr  fecal  transmission  of  tularemia  was 
realized  in  one  of  the  three  transmission  experiments  performed,  fur¬ 
ther  experimentation  will  be  necessary  to  establish  the  probabilities 
for  these  events.  In  these  studies,  the  ratios  of  infective  to  suscep¬ 
tible  birds  will  be  varied.  The  successful  transmission  of  tularemia 
in  only  one  of  three  attempts  :s  understandable,  since  tire  ratio  of  in¬ 
fective  to  susceptible  birds  was  low  in  these  experiments  and  since  the 
two  methods  by  which  fecal  transmission  could  have  been  accomplished 
from  bird  bird,  inhalation  and  ingestion  probably  are  marginally  ef¬ 
fective  Even  though  large  numbers  of  organisms  were  present  In  the 
fecal  material,  as  demonstrated  in  these  studies,  and  despite  the  fact 
that  terns  and  noddies  were  susceptible  to  artifically  induced  infec¬ 
tion  when  P.  tularensis  was  Introduced  via  the  aerosol  route,  before 
respiratory  infection  could  have  taken  place  in  nature,  the  dry  fecal 
material  must  have  been  dispersed  in  some  way  as  particulates  small 
enough  to  permit  penetration  to  the  lower  reaches  of  the  respiratory 
tree.  In  addition,  the  efficiency  of  fecal  transmisaion  would  depend 
upon  the  length  of  time  P.  tularensis  survived  in  bird  feces.  Prelim¬ 
inary  information  indicates  Chat,  in  contrast  to  the  long  (26  days) 
survival  times  of  this  organism  in  tick  feces^11^,  £.  tularensis  can¬ 
not  be  recovered  from  bird  fecea  after  3  days.  Infection  of  suscep¬ 
tible  birds  by  the  ingestion  of  fecsl  material  containing  viable  P. 
tularensis  organisms  is  limited  by  the  number  of  organisms  required. 
Saval 'eva^177 ,  working  with  mammals,  demonstrated  that  rather  large 
numbers  of  cells  (104-106)  are  required  to  produce  tularemia  when  the 
organisms  are  introduced  into  the  gastro-intestinal  tract  by  the  In¬ 
gestion  of  tissue  from  animals  dead  of  this  disease  or  by  tube  into 
the  stomach  The  results  described  herein  with  the  highly  susceptible 
noddles  are  in  agreement  with  these  findings. 

Although  arthropod  vectors  must  be  considered  the  major  mean*  by 
which  tularemia  la  maintained  within  a  given  geographic  araa  and  spraad 
peripherally  to  adjacent  locales,  it  it  intereeting  to  apeculate  on  the 
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role  fecal  transmission  by  birds  may  have  played  in  the  world-wide 
distribution  of  this  disease.  Compared  to  the  direct  transmission  of 
disease  by  arthropod  vectors  because  of  the  drive  of  the  arthropod  to 
obtain  a  blood  meal,  fecal  transmission  must  be  considered  inefficient. 
However,  with  "virgin"  populations  of  highly  susceptible  migratory 
birds  from  which  large  numbers  of  P.  tularensls  organisms  could  be  in¬ 
termittently  discharged  over  a  vide  geographic  area,  the  probability 
of  transmission  and  dissemination  should  Increase  appreciably.  Further¬ 
more,  with  fecal  transmission,  problems  of  host-vector-parasite  speci¬ 
ficity  and  the  requirement  for  "lighting"  of  the  birds  are  eliminated. 

While  a  correlation  of  antibody  titer  to  immune  status  is  beyond 
the  scope  of  the  present  investigation,  it  does  appear  thaq  in  general, 
recovery  from  an  infection,  as  demonstrated  by  the  presence  of  an 
antibody  titer  against  P.  tularensls.  renders  the  bird  et  least  par¬ 
tially  resistant  to  subsequent  challenge  either  by  the  reaplratory  or 
the  subcutaneous  route.  In  this  case,  there  may  or  stay  not  be  a  tem¬ 
porary  carrier  state,  not  unlike  that  In  typhoid  fever,  in  which  the 
organisms  are  discharged  into  the  feces. 
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DISCUSSION 

VFTF*:  Did  you  take  any  aecond  evaba  from  birds  after  they  were 

exposed? 

Cabelli:  Following  exposure,  the  birds  were  ‘'air-washed”.  In 

the  first  series  of  experiment,  concurrent  with  Che  taking  of  the 
blood  and  cloacal  samples,  the  birds  were  placed  in  a  chamber  and 
''air-washed"  for  some  30  min.  We  could  not  recover  P.  tularensia  from 
any  of  the  impinger  and  Andersen,  samples  collected  fi'«  the  effluent 
during  this  period.  Maybe  our  technique  was  not  good  enough. 

Maybe  we  didn't  sample  long  enough. 

VTTF:  Did  you  use  feather  swabs? 

Cabelli:  No. 


* 

VFTF  *  Voice  from  the  floor . 


# 
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EXPERIMENTAL  AND  TECHNICAL  SECTION 


John  D.  Morton,  Moderator 


Without  idoas  leading  to  the  creation,  proper  under¬ 
standing  and  application  of  new  tools,  progress  in  research 
diminishes  to  only  speculative  endeavor.  In  this  section 
new  apparatus,  new  techniques  and  new  approaches  are  dis 
cussed  and  Reviewed. 


Froc  .  First  Intern.  Symp .  Aerabio]  .  ,  Serkeiey,  Calif., 
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REMARKS  FROM  THE  CHAIR, 
A  CRITIQUE 


John  ti.  Morton 

Helper  ,  Inc . 

Falls  Church,  Virginia 


I  should  like  to  start  by  saying  how  very  pleased  I  am  to  be  here. 
When  I  started  thinking  about  the  invitation,  I  decided  this  was  the 
perfect  opportunity  to  give  you  the  benefit  of  my  critical  comments  on 
all  sorts  of  things.'  After  what  Mr.  Wolfe  said  this  morning,  however, 

I  shall  have  to  cut  it  short.  I  dare  not  go  into  more  than  10  minutes 
or  1  shan't  hear  the  last  of  ie  for  years. 

It  is  time,  I  believe,  to  stand  back  from  the  aerobiology  scene, 
to  take  a  critical  look  at  our  effort*  and  to  consolidate  our  gains. 
This  is  particularly  apropos  because  at  Melpar  we  are  discussing  ex¬ 
tending  our  aerobiology  facilities;  in  particular  we  are  considering 
the  use  of  apparatus  and  technique*  developed  by  many  of  you  learned 
gentlemen  now  in  the  audience,  you  may  be  able  to  tell  us  whether  we 
are  right.  Perhaps  we  should  re-evaluate  the  technique*  and  methods 
now  being  used.  I  would  like  to  review  briefly  the  sort  of  thoughts 
going  through  my  mind  regarding  such  an  evaluat.on. 

In  a  typical  experiment  as  you  commonly  do  it,  you  tax*  a  stock 
culture,  maintained  perhaps  for  years  on  artificial  medium,  grow  it  in 
an  artificial  medium,  and  harveat  the  bacterial  suspension.  You  take 
this  resting  suspension,  and  spray  it  from  something  like  a  Colliaon 
atomizer,  which  gives  you  a  substantially  single-ceiled  aerosol.  You 
then  proceed  to  Hold  the  cloud  --  in  something  'Ike  Coidberg’s  bril¬ 
liant  invention  of  the  rotating  drum  --  in  the  dark,  and  probably  in 
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very  closely  controlled  constant  temperature  and  relative  humidity  con¬ 
ditions,  quite  likely  it  stays  there  for  many  hours.  Th«"--  '="•■  t«k^  a 
sample  fsosn  this  by  sonic  impingement  into  an  artificial  fluid,  which 
is  probably  at  roots  temperature  or  below,  and  is  unlikely  to  be  of 
"physiological"  tonicity.  Finally,  you  take  this  impinger  sample  and 

place  it  on  sit  artificial  medium;  you  count  the  colonies  and  you  cal! 
this  a  viability  or  viable  count. 

Well,  now;  you  know  very  veil  what  I  am  about  to  sac  here  --  this 
is  not  a  "natural1’  state.  But  we  might  as  well  remind  ourselves  of  it 
in  relationship  both  to  normal  transmission  of  airborne  disease  arid 
also  to  what  one  might  call  "defense"  aspects. 

Consider  first  artificial  maintenance  arid  culture  medium.  these 
are  relevant  to  the  laboratory  picture  but  not  to  natural  transmission, 
and  they  ate  important  because  both  can  affect  the  response  to  environ¬ 
ment  and  the  calculated  infectivity  of  virulence  of  a  bacterium. 

Consider  the  testing  suspension;  this  is  interesting  from  two 
points  of  view.  Firstly,  it  n«s  been  shown  (several  people  in  this 
room  have  done  it)  that  actively  diytding  log-phase  cells  are  far  more 
susceptible  tc  environmental  stress  than  resting  cells,  and,  secondly, 
there  is  some  evidence  --  T  think  this  la  perhaps  more  doubtful  --  that 
cells  in  an  actively  dividing  state  may  be  more  capable  of  rest;:., 
cells  of  initiating  grout n  in  the  host  animal;  i.e,  they  have  a  shorter 
lag-phase,  and  arc-  likely  therefore  to  display  higher  infectivity. 
Here  again,  the  "standardised"  experiment  is  relevant  only  to  the  "de¬ 
fense"  picture  and  not  to  natural  transmits  ion  from  an  infected  host. 

The  single-cell  cloud  is  typical  of  neither  side.  As  for  constant 
temperature  and  humidity  --  I  am  looking  forward  very  much  indeed  to 
hearing  Drs.  Hatch  and  Dimmick.  on  the  subject  later  because,  of  course, 
there  is  conflicting  evidence  about  what  happens  when  you  play  about 
with  environmental  conditions  of  an  aerosol.  But,  whatever  we  find  in 
experiments,  the  condition  of  constant  temperature  and  humidity  is 
typical  neither  of  natural  transmission  nor  of  the  field. 

Sow  we  come  lo  the  mosc  critical  phase  --  the  sampling.  In  normal 
implnger  sampling  you  give  your  aerosol  a  considerable  badgering.  You 
accelerate  it  to  sonic  velocity  -*  even  that  process  is  violent  enough 
to  make,  at  some  people  know,  an  audible  noise  wich  a  particle  « 
few  microns  in  tire  --  so  there  must  be  some  stress  or.  it. 


You 


instantly  stop  it  again  with  a  most  horrid  bash,  and  you  drench  it  with 
fluid  which  it  of  the  "w-nng"  tcsferature  and  probably  the  wrong  tonic¬ 
ity;  and  this  is  fill  pretty  tough  on  it.  And  this,  1  think,  Make*  the 
results  remarkably  irrevelant  to  either  of  the  above  circumstances  we 
were  crns idering,  e*pec tally  when  you  are  really  interested  in  what  will 
happen  te  a  bacterium  that  is  deposited  gently  onto  the  body-war®  sur¬ 
face  of  the  lung  and  into  a  "physiological”  environment . 

Finally,  viability  --  well,  we  know  .that  tan  catch  on  either  way. 
ye  have  had  reference  already  today  to  experiments  with  age-i  tularensis 
clouds  „i.ng  that  the  count  can  give  you  an  exaggerated  idea  of 

their  infective  capacities:  ir,  .other  words,  you  require  core  viable 
cells  to  produce  the  same  effect  than  you  do  with  the  ur.aged  aerosol. 
Now,  you  car*  also  observe  the  •'ther  effect,  the  viable  count  giving 
you  an  apparently  increased  infectivity.  Possibly  George  Harper  is 
the  only  one  here  to  remember  work  we  did  about  10  year*  ago  when  w* 
were  disseminating  a  culture,  and  we  gave  it  a  very  violent  shock. 
Animals  and  isnpiugers  were  exposed  to  the  same  cloud,  and  the  count  in 
the  iaipingera  Indicated  an  effective  dose  about  1/ 10  of  that  ever  ob¬ 
served  anywhere  else.  But  obviously  there  was  something  wrong  with 
Cilia;  it  seemed  perfectly  plain  that  the  brutal  treatment  in  the  im- 
pinger  was  killing  off  about  9  out  of  10  of  the  cells  (which  could  not 
have  been  more  infective  than  they  ever  were  before).  So  we  see  that 
plating  of  tiapinger  samples  may  give  viable  counts  that  are  irrelevant 
to  either  "defense"  or  natural  transmission. 

in  summary,  a  typical  aerosol  experiment  of  Che  kind  I  outlined 
gets  about  half  marks  for  relevance  to  defense  problems  and  fails 
miserably  with  respect  to  natural  transmission  of  disease  (Table  1). 

Now  I'll  leave  it  at  that  and  touch  on  just  one  other  thing  that 
I  part  icular .  •>  wanted  to  say.  Here  I  am  a  little  more  diffident  be¬ 
cause  I  am  not  in  any  sense  claiming  the  competence  of  a  medical  man. 

In  studies  on  the  airborne  transmission  of  disease,  I  would  like  to 
see  a  little  more  direct  evidence  that  airborne  organisms  sre  involved. 
We  keep  hearing  indirect  evidence  af  airborne  transmission,  for  example, 
thrt  bacteria  survive  betcer  in  the  cold  when  airborne  --  chat  there 
is  more  transmission  of  disease  in  the  cold  --  therefore  they  are  air¬ 
borne.  All  kinds  of  inferential  and  indirect  evidence  is  there.  I 
would  like  to  see  more  direct  evidence,  and  I  think  that  we  need  some 
body  --  in  fact,  a  body  like  this  --  to  lay  down  something  rather 
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analogous  to  Koch'*  postulate*  for  demonstration  of  airborne  tranamis- 
*ion  of  diaeate ,  Tat  example*;  (»)  you  must  dewortstrate  the  presence 
of  airborne  viable  infective  organise!*;  {b}  you  must  measure  concen¬ 
tration*  and  particle  *!*«*:  (e)  you  must  demons  trite  experimental ly 

that  concentrations  and  particles  of  this  sort  can  cause  infection; 
and  (d)  I  think  we  finally  ought  to  show  directly,  end  nef  by  infer¬ 
ence.  where  they  have  come  frees,  whether  fro®  the  respiratory  tract, 
ar  skin,  or  feces,  or  what  have  you. 

In  designing  future  experiments  I  believe  we  should  give  these 
problems  our  utmost  attention. 


TAELS  1.  Selat  iofteh  ip  cf  acrecioiogical  techniques 
to  useful  situations. 


Condi  t  lor. 

Re; 

Levant®  to 

Med ie in® 

Defense 

I  Theory 

Transmitted  on  artificial  medium  in  vitro 

|  Ho 

Yes 

1  'tSH 

Grown  on  artificial  medium 

No 

Ye* 

i  Yes 

Stored  in  resting  suspension 

So 

Yes 

!  Yes 

Sprayed  from  artificial  menstruum 

No 

Yes 

Yes 

Held  in  the  dark 

1/2 

1/2 

Yes 

Held  at  controlled  temperature  and 
relative  humidity 

No 

No 

!  Yes 

Held  in  monodispersed  cloud 

NO 

No 

Yes 

Samples  impinged  violently 

No 

Ho 

t  No 

In  fluid  of  '’unnatural"  osmotic  strength 

No 

No 

Yes 

At  "unnatural"  temperature 

No 

No 

Yes 

Samples  plated  on  artificial  medium  for 
"viability"  (not  infective  power) 

No 

No 

Yes 

*  Editor's  Note:  These  proofs  later  became  knovm  as  "Morton’s 

Postulates"  during  numerous  spirited,  of f-the-f loor  discussions. 
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PHYSICOCHEMICAL  PROPERTIES  OF  BACTERIAL 
CELL  WALLS 


X.  A.  Neihcf 


Chemistry  Division 
U.S.  Haval  Research  Laboratory 
Washington,  D.C. 


The  ability  of  a  bacterium  to  survive  drastic  environmental 
changes,  such  as  drying  in  Che  aerosolized  state  and  rehydra ting  agusr 
in  a  collection,  liquid,  is  likely  to  be  determined  in  part  by  the  pe¬ 
ripheral  permeafc i i i ty  barriers  which  it  possesses,  the  crucial  struc¬ 
ture  iti  this  regard  is  the  thin  cycoplasatic  membrane  enclosing,  and  in 
intimate  contact  with,  the  cytoplasm  of  the  cell.  By  exercising  a 
highly  selective  control  on  the  passage  of  materials  into  and  out  of 
the  cytoplasm,  this  membrane  maintains  the  internal  environment  neces¬ 
sary  for  the  life  of  the  ceil;  damage  to  it  by  mechanical  or  chemical 
means  allows  Internal  diffusible  materials  to  escape  and  the  ceil  dies. 
Distinet  from  the  cytoplasmic  membrane,  but  necessary  under  normal  cir¬ 
cumstances  to  its  integrity,  is  the  overlying,  thicker,  mors  robust 
ceil  wall.  This  relatively  rigid  structure  maintains  the  character¬ 
istic  shape  of  the  cell  and  prevents  lysis  which  would  ordinarily  occur 
as  the  result  of  osmotic  influx  of  water  (Mitchell  and  Moyle,  195b). 
In  addition  to  its  mechanical  role  the  cell  wall  may  also  have  selec¬ 
tive  permeability  properties  which  c-t-c.  into  play  under  conditions  of 
interest  to  aerobiologists  (Record,  Taylor,  and  Miller,  1962).  It  is 
the  purpose  of  this  paper  to  summarize  some  of  the  physical  end  chem¬ 
ical  information  available  on  bacterial  cell  walls  which  may  be  useful 
in  discussions  of  the  survival  of  airborne  microorganism*. 
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PHYSICAL  DESCRIPTION 


The  cell  wall  tar.  bt  differentiated  from  the  underlying  eye  >- 
plasssic  membrane  and  crons  externally  adhering  slime  sru,  capsular  com¬ 
ponents  by  biological  stains,  plasmolysi s  (Kneysi ,  1951)  ,  differences 
in  chemical  eorapogi  t  ion  ,  by  electron  microscope  examination,  and  by 
its  isolation  as  a  coherent  structure  (Salton,  1961).  The  wall  consti¬ 
tutes  about  207,  of  the  dry  weight  of  the  cell  but  the  percentage  de¬ 
pends  or  the  growth  phase  and  the  nutritional  state  of  the  cell.  (Shock- 
man,  Kolb,  and  Toennies,  1958).  The  thickness  of  the  bacterial  cell 
wall  l&  about  20/m^  f,.-r  Gram- positive  urganisins  and  s.-cc-wii u l  less, 
1.0-15  su  for  those  which  arc  Grant-  nega  t  ive  (Sa'ton,  1961).  These  ts- 


isolsted  ceil  walls  or  irom  thin  sections  of  fixed,  dehydrated,  em¬ 
bedded  intact  bacteria.  In  view  of  the  shrinking  and  deformation  which 
art  likely  during  the  preparat ion  of  either  of  these  kinds  jf  specimens 
for  electron  microscopy,  it  would  not  be  surprising  if  the  functional 
thickness  of  noratal  hydrated  ceil  walls  exceeded  these  estimates  by  a 
significant  amount  (Murray,  1960). 


Convincing  evidence  for  macromolecu lsr  heterogeneity  in  bacterial 
cell  walls  comes  from  electron  microscope  investigations.  In  general 
the  walls  of  Gram-positive  bacteria  have  appeared  less  complex  than 
those  of  Cram-negative  bacteria.  Air-dried,  shadowed  preparations  fre¬ 
quently  appear  homogeneous  in  structure,  but  it  is  unjustifiable  to 
conclude  that  this  is  the  case  without  employing  other  techniques  of 
specimen  preparation.  Thus  isolated  walls  of  the  Gram-positive  organ* 
Lsms ,  Staphylococcus  aureus  and  Bacillus  me&aterlug,  may  appear  nearly 
structureless  in  shadowed  preparations  (Dawson,  1949;  Saltern,  Kolb, 
and  Toennie*,  1958),  but  in  thick  sections  the  cell  walls  of  both 
organisms  show  obvious  layers  (Piekarski  and  Glesbrecht,  1956;  Sugamma, 
1961).  The  "negative  staining"  technique,  developed  by  Brenner  and 
Horne  (1959),  appears  to  have  great  value  in  revealing  fine  structure, 
judging  from  the  complex  hexagonal  array  of  Interconnected  aggregates 
shown  in  a  recent  electron  micrograph  of  the  cell  wall  of  a  micro¬ 
coccus  organism  (Horne,  1961). 


In  Gram- negative  bacteria  a  variety  of  fine  structure  has  been 

seen.  In  shadowed  specimens  a  regular  array  of  spherical  particles, 

o 

roughly  100  A  in  diameter,  has  been  reported  by  Houwink  (1953),  and 
by  Salton  and  his  co-workers  (1961,  1954).  Layerad  structures  are 
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evident  in  aoerae  cases  and  pictures  of  thin  sections  confine  this 

Kellenbergpr  and  Syter  (1 958)  concluded  from  their  work  that  the  cell 

wall  of  Escherichia  coli  end  possibly  other  Grata- nege t ive  organiswe 

is  composed  of  three  layers,  #r.  electron-transparent  layer  sandwiched 

o 

between  two  electron-dense  layer*,  t«sch  being  20-50  A  thick,  Ogur# 
(1965),  using  high-resolution  techniques,  observed  that  the  outer  layer 
nf  the  ceil  veil  of  E .  coll  is  really  a  network  of  inurwevea  fibers 
embedded  in  the  aasae  matrix  material  that  constitutes  the  middle  layer. 

CHEMICAL  COMPOSITION 

■Hie  investigation  of  the  chemical  composition  and  the  b isaynthes  i t 
of  bacterial  cell  walls  has  beers  very  actively  pursued  in  a  number  of 
Laboratories  in  recent  years.  Several  excellent  revise's  of  this  aspect 
of  cell  vail  prooertles  have  appeared  and  no  mere  than  a  cursory  treat- 
oient  is  attempted  here  (Perkins,  1963;  Saiton,  1961). 

The  chemistry  of  bacterial  cel!  walls  was  placed  on  a  solid  footing 
by  the  development  of  mechanical  methods  of  preparing  isolated  walls 
and  by  the  use  of  the  electron  microscope  to  dessssfir  trace  hosKtge  neons 
preparations  free  of  cytoplasmic  or  other  contaminant*  (Savtton,  1949; 
Saiton  and  Horne,  1951).  Cell  walls  are  nov  usually  prepared  by  dis¬ 
integrating  cells  in  suspension  by  vigorous  agitation  with  small  glass 
beads,  fallowed  by  filtration  to  remove  the  beads,  and  repeated  differ¬ 
ential  or  density-gradient  centrifugation  to  remove  unbroken  cells  and 
cytoplasmic  constituents.  After  additional  washings,  the  cell  wall 
preparation  i*  checked  for  homogeneity  by  examining  preparations  with 
the  electron  microscope.  Although  such  preparations  are  usually  con¬ 
sidered  representative  of  the  structure  and  composition  of  the  wall  of 
the  Intact  cell,  it  is  apparent  from  a  recent  paper  of  Weidel,  Frank, 
and  Leutgeb  (1963)  that  autolytic  enzymes  aay  remove  certain  components 
of  Che  wail  during  che  preparative  procedure  unless  precautions  are 
taken  to  inactivate  them. 

Hydrolysis  products  of  the  walls  of  Gram-positive  bacteria  invari¬ 
ably  include  three  or  four  principal  amino  acids  and  two  amino  sugars, 
glucosamine  and  muramic  acid.  These  building  blocks  are  combined  in 
an  insoluble  peptide-substituted  amino  polysaccharide  and  the  resulting 
"tnucopepc  ide"  or  "atucopolyinere"  appears  to  constitute  the  rigid  com¬ 
ponent  common  to  all  Gram-positive  bacteria.  The  mucopolyme.r  makes  up 
almost  the  entire  wsllof  some  txganiams  such  as  Micrococcus  lysodelkt  icua 


but  most  Gram-positive  specie#  also  coot#  in  polysaechar  ides  and  telchoic 
acids  i~t  their  wall*.  ttt*  work  of  Baddiley  arid  his  colleagues  has  es¬ 
tablished  the  teichoie  acid*  to  be  ribitol  or  glycerol  phosphodlester 
polymer#  with  alanine  and  hcxoses  or  amino  sugar#  as  substituent# 
(Baddiiey,  1962).  These  coapojjids  are  extractable  fro®  ceil  walls  by 
mild  procedures,  which  suggested  to  Baddiley  that  they  are  held  hy 
ionic  and  hydrogen  bonds  to  the  seucopept  i-ie  framework;  but  recent  work 
by  Ohuyna  and  Strotsinger  <196  3)  shows  that  in  £,  aureus .  »t  least, 
the  bonds  are  covalent  The  polysaccharide  constituent  is  also  ex¬ 
tractable  from  cell  wall#  but  it*  sode  of  attachtaent  to  the  mucopol vaser 
or  other  component  is  not  knows  with  certainty. 

In  accord  with  their  more  intricate  physical  structure  the  cell 
wails  of  Crt-t  negative  bacteria  are  markedly  sore  complex  in  chemical 
composition  than  those  of  Gram-posit ive  organists*.  Hydrolysates  of 
the  cell  walls  yield  a  variety  of  sugars  and  amino  sugars  and  the  full 
range  or  amino  acids  usually  encountered  in  typical  proteins.  In  addi¬ 
tion,  substantial  amounts  of  lipid  (as  ouch  as  22%)  are  also  present. 
Ample  evidence  is  now  available  to  show  that  a  mucopolym^r  similar  in 
compos  it  iem  to  that  found  in  Gram-positive  bacteria  is  present  also  in 
all  Grass -negative  bacteria  but  in  reduced  amounts  (Mandelstam,  1962; 
Work,  1961),  It  ia  remarkable  that  the  same  type  of  aaerotnolecu  le , 
unique  to  bacteria,  should  be  present  in  a  wide  variety  of  bacterial 
species  and  that  it  should  serve  the  common  function  of  providing  the 
cell  wall  with  a  rigid  structural  component  (Work,  1957). 

Salton  (1960)  has  found  several  non-mtrogenous  sugars  in  the  cell 
walls  of  various  species  of  Gram-negative  bacteria  and  concludes  chat 
they  are  present  as  polysaccharides  constituting  an  integral  part  of 
the  wall.  Although  they  ate  at  least  partially  extractable  from  the 
walls  by  gentle  procedures,  the  extent  and  manner  of  the  association 
is  not  defined.  Nor  is  the  composition  and  anatomical  status  of  the 
lipid  in  bacterial  ceil  walls  well  understood. 

In  view  of  the  cell  wall  structure  visible  in  electron  micro¬ 
graphs,  it  is  appropriate  to  inquire  whether  particular  chemical  com¬ 
positions  can  be  assigned  to  these  structures.  Apart  from  the  elegant 
work  u(  Weidel  and  his  co-workers  (1958,  1960)  on  £,  col  1  (strain  8) 
very  little  definitive  information  seems  to  be  available.  These  in¬ 
vestigators  used  the  specific  adsorption  properties  of  the  T-series  of 
bacteriophage  in  combination  with  solvent  extraction  and  electron 
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microscope  observation  to  arrive  «t  their  concept  ion  oi  tile  saaeroecs  lee  • 
uiar  auwcture  of  the  cell  well.  T hey  interpret  their  result*  to  men 
that  underneath  this  is  «  layer  of  lipopslyaacchiride  .  Kearsst  the 
cytoplasmic  membrane  is  still  another  layer  coaspssed  of  fflueopeptid* 
(ft-Iayer).  the  latter  constitute*  the  sain  rigid  structural  essaposisfit 
of  the  cell  wail.  In  order  to  account  far  the  adsorption  of  hacterie* 
phage*  which  hare  sites  Is  the  1 ipopolytaecharide  layer,  they  postu¬ 
late  the  existence  of  discontinuities  in  the  lipoprotein  layer  This 
triple-layer  structure  thu*  has  a  counterpart  in  th*  electron  ssiero- 
graphs  of  thin  sections  of  g,  cal 1  obtsinsd  by  KelUnherger  and  Rytsr 
C19SS).  However,  considerations  of  the  electron  scattering  power  of 
ssacroffloiasuiar  constituents  likely  to  be  in  the  cell  walls  of  their 
bacterium  led  these  workers  to  suggest  that  polysaccharide  formed  the 
middle  layer  and  protein  or  iipe-preteiti  coated  this  inside  and  out, 
Ogura  (1963)  suggests  that  his  high-resolution  electron  micrographs 
of  thin  sections  of  E .  coli  shew  only  two  cell  wail  layers,  an  inner, 
eiectrondense,  lipoprotein  layer  and  a  leas  dense  outer  layer  probably 
composed  of  stocopeptlde  and  mucopolysaccharide  containing  embedded 
fine  fiber*  which  ffiigfst  be  polysaccharide  or  selenoprotein.  Additional 
work  with  *  greater  variety  of  tools  is  obviously  necessary  to  resolve 
the  discrepancies  in  these  different  concepts. 

The  problem  of  locating  the  saacrowolacular  components  of  the  cell 
walls  of  Gram- positive  bacteria  has  not  received  much  attention.  May, 
Sficken,  and  Baddiley  (1963)  have  noted  in  the  case  of  a  B.  (negater ima 
organise  that,  although  the  isolaced  cell  wall*  contained  no  teichoic 
acid,  degradation  of  the  wails  of  the  intact  organism  by  lytoiym*  re¬ 
leased  substantial  amount*  of  teichoic  acid  rfsich  could  not  have  come 
from  the  cytoplasm.  This  suggested  to  these  worker*  that  the  "intra¬ 
cellular  fraction"  of  teichoic  acid  must  be  located  between  the  wall 
and  the  cytoplasmic  membrane. 

ELECTROPHORETIC  RESULTS 

The  electrophoretic  nobility  of  a  particle  in  an  electric  field 
is  a  function  of  the  charge  carried  on  the  surface  of  the  particle 
The  charge  may  arise  from  dissociable  chemical  groups  which  are  part 
of  the  surface  structure  of  the  particle  or  from  the  adsorption  of  ion¬ 
ized  solutes  present  in  the  suspending  medium.  The  microscope  method 

of  electrophoresis  has  been  used  extensively  over  the  last  90  yr  to 
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explore  the  nature  of  Ch#  surface  at'  many  kind*  af  iingia  cell*,  aotse- 
tlM>  with  eunjpicuov*  aucca**.  Rev  lew*  of  the  result*  of  electropho¬ 
retic  *tudi*s  on  battalia  hava  been  given  fey  Jesse*  (1957)  end  by  Brinten 
end  Lauffar  (1954). 

In  tplte  of  the  complex  end  variable  nature  of  the  surface*  of 
bacteria,  axpwrience  has  shown  that  the  Mobility  of  a  particular  bac- 
tsriua  is  characteristic  of  that  strata  and  1*.  reproducible  through 
many  subcultures  if  no  genetic  changes  affecting  wobil-ty  occur  ar.d  if 
growth  conditions  and  suspending  media  r  ease  in  the  tasse  (Lerehe.  1953; 
Sw?wick  and  James,  195i)  .  The  surface  charge  of  nearly  all  microorgan- 
isiss  studied  has  proved  to  fee  'negative  under  physiological  condition*. 
The  isoelectric  points  are  generally  lower  than  those  of  no  at  ordinary 
proteins  but  they  do  not  give  useful  distinguishing  criteria  because 
the  mobilities  are  frequently  altered  irreversibly  by  exposure  to  acidic 
media.  There  appears  to  be  no  clear-cut  difference  in  the  mobility 
behavior  of  Gtasi-negat ive  and  Gram-positive  or  .anistas,  a  rather  sur¬ 
prising  finding  in  view  of  the  marked  differences  in  chemical  compo¬ 
sition  of  their  cell  walls. 

It  Is  of  interest  to  compare  the  concepts  of  the  composition  of 
bacterial  surface*  derived  from  electrophore*- ie  investigations  with 
those  obtained  by  other  aaithods.  This  is  possible  In  the  case  of  E. 
coil.  The  result*  of  a  thorough  electrophoretic  study  by  Davies, 
Hay don,  and  Rideal  < 1 956)  led  to  the  view  that  the  external  surface 
is  dominated  by  polysacchar ide  which  carries  carboxyl  groups.  On  the 
basis  of  an  entirely  different  exper iasentai  approach,  Weldel  and  his 
collaborators  (1958,  1960)  concluded  that  the  exterior  surface  must 
be  lipoprotein.  This  marked  discrepancy  may  be  due  to  the  use  of  dif¬ 
ferent  strains  of  E.  col i  in  the  two  in/est igatiohs .  However,  electro¬ 
phoretic  observations  or  other  strains  of  this  bacterium  by  Alexander 
and  KcMuilen  (1949),  Dyar  and  Ordal  (1946),  and  by  the  author  (unpub¬ 
lished)  support  the  picture  of  the  surface  given  by  Davies  etal.  (1956) 
and  are  inconsistent  with  either  a  lipidic  or  protein  surface.  A  more 
likely  explanation  tor  he  disagreement  is  that  during  the  preparation 
of  the  celi  wails  of  We. del  et  al .,  a  thin  layer  of  perhaps  loosely 
held  po  Ivsacchar  ide  was  removed.  Some  electron  micrographs  of  thick 
sections  of  r.  colt,  in  particular  the  high-resolution  illustrations 
of  Ogura  (19t,3),  show  a  diffuse  mateiial  of  irregular  thickness  on  the 
surface  with  onlv  slightly  more  electron  density  than  the  embedding 
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plastic  •  Unfortunately,  no  coatpanlon  picture*  ©f  Isolated  cell  well* 
•e«et  to  exist  to  one  csnnot  determine  whether  the  call  well  preparative 
procedure*  remove  this  material.  Another  approach  Is  to  study  th* 
electrophoretic  mobility  of  isolated  cell  wall#.  Such  work  hsg  been 
started  by  the  author  and  will  be  reported  in  th#  near  future. 

Electrophone* Is  has  an  advantage  over  other  methods  of  invest!* 
gating  the  surface  properties  of  bacteria  in  that  it  permits  study 
under  conditions  closely  approaching  the  natural  environment  of  the 
cell.  However,  it  yields  information  only  about  charged  group*  and 
this  is  often  not  specific  enough  to  enable  one  easily  to  decide  what 
species  of  ions  are  present  or  whether  they  are  part  or  the  structure 
of  the  particle  or  adss-bed  from  Che  suspending  medium,  Uncharged 
groups  or  moieties  ate  revealed  only  through  the  adsorption  of  ionlaed 
additives  in  the  suspending  medium  which  have  known  affinities  for  them; 
e.g.  the  adsorption  of  surface  active  agents  on  lipidic  constituents. 
Such  information  is  useful  but  it  is  neither  very  specific  nor  quanti¬ 
tative.  A  difficulty  of  another  sort  enters  in  when  attempts  are  made 
to  calculate  the  surface  charge  density  on  a  bacterium  from  electro¬ 
phoretic  data  and  conventional  electrokinetlc  theory.  As  Haydoft  (1.961a, 
1961b)  points  out  in  a  recent  treatment  of  this  matter,  a  major  part  of 
the  difficulty  arises  because  bacterial  surfaces  do  not  have  their 
charges  distributed  on  a  smooth.  Impenetrable  surface  as  the  theoret¬ 
ical  model  requires. 

The  value  of  electrophoresis  as  a  tool  for  investigating  the  sur¬ 
face  properties  of  bacteria  would  be  clearly  enhanced  if  it  were  used 
in  combination  with  ocher  chemical  and  physical  methods.  A  develop¬ 
ment  which  shows  some  promise  is  the  use  of  specific  chemical  (in¬ 
cluding  ensymatic)  reactions  to  produce  a  change  in  the  ensrge  of  a 
particular  constituent  (Douglas,  1959;  Gittens  and  James,  1962;  and 
James,  1957),  Brinton  and  co-workers  (1954,  1959)  have  demonstrated 
the  value  of  the  electron  microscope  as  a  supporting  tool  by  showing 
that  electrophoretic  mobility  differences  between  rough  and  smooth 
variants  of  sn  E,  col i  bacterium  were  due  to  the  absence  or  presence, 
respectively,  of  filaments  or  fimbriae  on  the  surface.  Electrophoretic 
investigations  would  become  more  meaningful  if  it  were  always  estab¬ 
lished  whether  flagella,  fimbriae,  capsules,  or  cell  walls  should  be 
considered  oiobi  1  i ty -determining  features. 
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POROSITY  AND  FaMIABILITY 


The  cell  wall*  of  bscter'a,  chough  relatively  rigid  structures, 
must  be  porous  since  high  molecular  weight  extracellular  product#  such 
••  protein*  and  polysaechai Idas  synthesised  its  the  cell  er  an  the  cy¬ 
toplasmic  membrane,  presumably  p**«  through  it.  The  well  must  also  fee 
permeable  SB  transforming  deoxyribonucleic  acid  and  to  deoxyribonucleic 
acid  frees  bacteriophage  In  instances  where  no  wall -degrading  ensyaaa 
have  been  detected  (PuJltRura  and  Ka*sb*tg,  1962).  It  is  difficult  to 
reconcile  the  degree  *£  cell  wall  porosity  sewBingiy  nace (dented  by 
the**  phenomena  with  the  depiaassolysi*  experiments  of  Record,  Taylor, 
and  Miller  (1962),  which  indicate  that  even  a  comparatively  small  mole¬ 
cule  such  a*  rsffinose  passea  through  the  cell  wall  of  jg.  cold  very 
slowly  and  that  polyethylene  glycol  of  mol  wt  10,000  does  not  penetrate 
at  all. 

Work  has  been  started  in  this  laboratory  (HAL)  to  determine  ex¬ 
plicitly  the  porosity  of  isolated  cell  wall*.  To  do  this,  the  extent 
of  penetration  of  dextrin,  or  other  solute  of  known  molecular  weight, 
into  the  water  space  of  the  cell  wall  is  determined  by  mixing  a  known 
amount  of  the  solute  with  a  thick,  aqueous,  well  suspension,  centri¬ 
fuging,  and  then  analysing  the  supernatant  solution.  Since  the  total 
volume  of  water  in  the  system  is  known,  the  extent  of  equilibration 
of  solute  with  the  water  of  the  cell  wsil  can  be  calculated.  Results 
with  a  series  of  dexersns  and  &,  men* ter ium  cell  walls  are  shown  in 
Table  1.  The  third  column  shows  the  water  volume  per  gram  of  dry  cell 
walls  which  is  not  available  to  solute,  The  last  column  expresses 
this  as  a  percentage  assuming  the  dextran  with  an  average  mol  wt  of 
cwo  million  ia  completely  excluded. 

Two  observation*  can  be  made  on  thr  basis  of  these  prel iminary 
data.  The  cell  wall  is  highly  porous,  being  over  °~'X  water,  and  the 
porosity  is  heterogeneous  since  the  availability  of  included  water  to 
•olutes  of  increasing  molecular  weight  decreases  over  a  wide  range,  of 
molecular  weight.  Further  work  is  in  progress  using  carefully  frac¬ 
tionated  dextrans  end  selected  proteins  as  port aity  determinants  to 
learn  whether  there  are  discontinuities  in  the  distribution  of  pore 
aixea  and  to  asieas  whether  the  concepts  of  the  physical  structure  of 
cell  walls  derived  from  studies  on  isolated  cell  walls  can  be  applied 
to  intact  cells. 
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TABLE  1.  Water  space  of  cell  wails  of 
Sac i li u s  inegater  iua  (KM) 


- —| 

Ko'teeuXar 
Weight  j 

Water  space 

unavailable 

Solute 

al/g 

cell  walls 

» 

Glucose 

ISO 

1.0 

7 

Dextran 

80  ,000 

6.9 

4? 

Bextran  j 

150,000 

9.6 

66 

Dextran 

2  x  10s 

14.6 

100 

(assumed) 

It  should  be  pointed  out  that  porosity  determinations ,  particu¬ 
larly  on  isolated  cell  walls,  at ay  not  give  information  on  permeability 
since  thin  layers  may  exist  in  the  wail  which  limit  permeability  but 
occupy  only  a  small  volume  of  the  ceil  wall-  It  is  also  possible  that 
the  electrical  charge  carried  by  the  walls  might  influence  their  per¬ 
meability.  Acidic  groups  in  teichoic  acids  (Baddiiey,  1962)  and  phos¬ 
pholipids  particularly,  would  be  expected  to  impart  a  strongly  nega¬ 
tive  charge  which  might  exert  significant  effects  on  the  permeability 
of  ionised  constituent* ;  osmotic  effects  might  also  be  anticipated 
since  it  is  known  chat  charged  artificial  membranes,  even  though 
highly  porous,  can  produce  pronounced  anomalous  osmotic  effects  in 
solutions  or  ordinary  electrolytes  (Soliner  et  al.,  1955). 

The  older  view  of  the  bacterial  cell  wall  as  an  inert  boundary 
of  living  protoplasm,  a  boundary  that  had  to  be  postulated  in  order 
to  account  for  non-spher leal  cell  shapes,  has  been  greatly  enlarged 
and  embellished  in  recent  year*  by  the  advent  of  the  electron  micro¬ 
scope  and  modern  biochemistry.  The  wall  is  a  structure  of  surprising 
chemical  and  physical  complexity.  It  ck.sc  be  considered  an  integral 
pert  of  the  cell,  neceaaary  for  the  protection  of  the  cytoplasm,  but 
dependent  upon  it  for  its  maintenance  and  growth. 

ftestarkable  a*  this  change  in  the  concept  of  the  natuie  of  the 
cell  well  haa  been,  there  is  still  little  understanding  of  its  macro- 
molecular  structure,  of  the  biochemical  mechanisms  responsible  for  its 
synthesis,  or  of  its  biophysical  properties.  While  there  is  ample 
evidence  that  active  biochemical  work  will  be  continued  in  this  field, 
there  is  lees  indication  that  biophysical  approaches,  other  than  those 
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employing  the  electron  microscope ,  will  be  widely  used,  One  c«sn  t  now 
predict  with  any  certainty  whet  value  a  characterization  of  bacterial 
cell  walls  in  terras  of  porosity  pertoeabii  ity ,  charged  groups,  swelling 
properties,  etc.,  will  have  on  future  conceptions  of  the  biofunctions 
of  these  structures  either  under  normal  growth  conditions  or  under  con¬ 
ditions  of  stress  such  as  drying  and  rehydrating.  Two  examples,  in 
addition  to  those  already  Mentioned,  arc  offered  to  indicate  that  such 
studies  stay  play  a  significant  role,  Lerhardt  and  Black  (1961),  in  a 
thorough  study  of  the  porosity  of  spore  walls  by  the  water-space  tech- 
ni<{ife  already  describee  in  this  paper,  have  shown  that  the  conventional 
conception  of  an  impervious  spore  coat  must  be  replaced  since  permea¬ 
tion  of  molecules  up  to  10,000  mol  wt  was  demonstrated.  lit  another 
recent  paper  Salton  (1963)  surveyed  the  evidence  supporting  the  many 
theories  advanced  to  explain  the  Gram  stain  reaction  and  concluded  that 
cell  wall  permeability  is  the  critical  factor.  Provocative  findings 
such  as  these  strongly  suggest  that  biophysical  approaches  to  the  study 
of  bacterial  cell  walls  may  be.  essential  to  a  satisfactory  under¬ 
standing  of  their  function. 
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ruscussiotf 

Shon:  Since  in  thia  space  determination  technique  you  are  nec¬ 

essarily  dealing  with  large  concentrations  of  cells,  and  you  have  rela¬ 
tively  low  concentrations  of  solutes,  to  what  extent  does  Metabolic 
utilization  of  glucose  influence  you;-  determination  of  porosity? 

Neihof:  All  of  the  studies  reported  here  were  done  on  isolated 

cell  walls  so  that  problems  associated  with  utilization  of  solute*, 
such  as  glucose,  or  of  leakage  of  internal  constituent*  frc*n  the  cell, 
which  would  interfere  with  che  analyses,  are  obviated.  Eventually, 
parallel  experiments  will  have  to  be  done  with  intact  cells,  and  then 
these  difficulties  will  have  to  he  dealt  with. 

Silver :  Would  you  be  prepared  to  say  what  sort  of  molecular  size 
would  just  squeeze  through  the  cell  wall? 

Neihof:  You  may  have  access  to  more  information  on  thi*  than  I. 

The  paper  of  Record,  Taylor,  and  Miller  (1962)  indicate*  that  even 
sucrose  has  a  littie  difficulty  getting  through  che  wall  of  £,  coll . 
The  cell  wall  porosity  which  we  measure  should  be  considered  a*  some¬ 
thing  different  from  permeability.  It  is  quite  conceivable  that  the 
cell  wall  is  composed  of  a  voluminous,  loose,  gel-like  network  and  a 
relatively  thin  layer  of  denser  material.  The  thin  layer  could  be 
the  limiting  permeability  barrier,  but  our  apace  studies  would  not  re¬ 
veal  it.  For  this  reason  I  am  not  willing  to  aay  what  the  maximum 
molecular  tire  might  be  which  la  just  able  to  .’tots  the  cell  wall. 
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Silver :  You  have  to  consider  at  what  stage  extracellular  arter¬ 

ial  can  take  part  In  metabolic  or  other  activity  of  the  cell.  In  other 
words,  when  is  the  substance  outside  the  cell  and  when  does  It  truly 
beecme  available  to  the  cell?  Gn.-<  would  expect  this  availability  to 
be  related  to  the  molecular  size  of  the  substance.  We  like  to  think 
that  anything  above,  let’s  say,  1,000  or  1,500  in  molecular  weight 
constitutes  the  maxisuE  site  af  a  sobatance  that  cats  cross  the  Cell 
wall.  After  chat  we  think  in  terns  of  absorption. 

Neihof :  Again,  I  cannot  shed  much  iistht  or,  this  from  the  re¬ 

sults  of  our  exper intents ,  If  I  had  to  state  on  the  basis  of  our  data 
die  molecular  weight  of  s  substance  which  cannot  penetrate  the  cell 
wall,  I  would  say  about  two  million.  i  think  I  should  mention  that 
tn  the  preparation  of  cell  wails  one  makes  a  siaeable  hole  in  the 
wall.  Therefore,  in  our  space  experiments  the  solute  can  permeate 
not  only  from  the  outside,  it  can  get  inside  and  permeate  the  wall 
from  that  side  also.  The  experiment  yields  a  value  for  space  avail¬ 
able  to  the  solute  being  used  and  reveals  little  or  nothing  about 
what  can  cross  the  wall  of  the  intact  cell. 
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THE  DEVELOPMENT  OF 
THE  MULTIPLE  ORIFICE  IMPINGES  (MO!) 

AS  AN  ANSWER  TO  THE  PROBLEM 
OF  PROLONGED  OPERATION  (ASPIRATION) 
IN  THE  ALL-GLASS  IMPINGER 


Elmer  S.  George,  C,  Bradley  Ward  and  Victor  J.  Cabell  i 

IXigway  Proving  Ground 
Dugan y ,  Utah 


In  the  course  of  aerosol  investigations,  it  becomes  necessary 
sometimes  to  operate  sampling  devices  for  prolonged  periods  of  time 
it  ha*  been  observed  in  several  laboratories  that  with  the  critical 
orifice  impinger  this  procedure  reduces  the  viable  recovery  of  some 
microorganisms.  In  this  context,  a  distinction  should  be  made  be¬ 
tween  the  lethal  effects  occurring  during  the  course  of  collection 
(biological  efficiency)  and  the  decrease  in  the  recovery  of  viable 
microorganisms  during  the  operation  of  the  impinger  subsequent  to 
collection  (aspiration).  lire  former  process  has  been  studied  quits 
extensively  in  several  laboratories  with  the  universal  conclusion  as 
stated  by  May  and  Harper^)  that  sonic  velocity  impingement  is  shown 
to  have  a  lethal  effect  on  the  more  sensitive  type  of  bacterial  cell. 
Lethal  effects  cart  be  attributed  to  impaction  of  the  organisms  on  the 
bottom  of  the  glass  bottle,  to  their  passage  through  the  capillary 
critical  orifice  and/or  to  their  violent  Impingement  into  the  liquid 
collecting  solution.  It  has  been  observed  by  the  aforementioned 
workers  that  the  biological  efficiency  of  the  impinger  can  be 
increased  by  decreasing  the  Jet  velocity  (sub-sonic  flow)  or  by- 
raising  the  impinger  tip.  However,  after  a  given  point,  further 
decreases  in  Jet  velocity  or  increases  in  the  tip-to-bovl  distance 
(stem  height'  reduce  the  physical  collection  efficiency,  especially 
in  the  small  particle  range  In  our  iaborator  lea,  we  chose  to  Increase 
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the  st*»  height  of  the  6  liter /a  in  all-gisss  lisping*;  (A£I>  to  iS  tw 
(API  6-15}{2,3)  #n  effort  to  reduce  the  lethal  effects.  It  was  ob¬ 
served,  however,  that  there  vat  a  significant  decrease  in  the  recovery 
of  Pasteur ells  tulsrensis  in  this  raised-stes  lapinger  during  the 
course  of  prolonged  aspiration. 

the  present  study  was  directed  toward#  modifying  the  ACI  6-1.5  to 
minimize  th*  aspiration  effect  both  in  regard  to  the  loss  of  collec¬ 
tion  fluid  and  th*  decrease  in  viable  recovery.  The  approach  taken 
in  this  work  has  been  to  decrease  the  jet  velocity  while  increasing 
the  surface- CQ-vnlusse  reiatioasl.ip  of  the-  air  streams  by  using  mul¬ 
tiple  numbers  of  smaller  jets.  This  was  acccwapJ  ished,  while  main¬ 
taining  the  essential  conf igurstions  of  the  lapinger,  by  replacing 
the  capillary  orifice  in  the  iapisger  stem  with  a  taetal  cap  containing 
an  appropriate  number  of  holes  (Pig-  1)  and  by  placing  a  critical 
orifice  downstream  from  the  exhaust  arm.  The  size  and  number  of  holes 
(jets),  the  fluid  volume  and  the  stem  height  were  investigated  for  the 
purpose  of  determining  those  characteristics  that  would  minimize  the 
aspiration  loss  of  sensitive  organisms  --  in  this  case  p.  tularensis • 
££ci  llu»  globigii  spores  or  sodium  fluorescein  were  used  to  indicate 
the  physical  loss  of  organisms  under  the  various  test  conditions 

The  influence  of  variation*  in  jet  diameter  from  0.023-0.014 
inches  was  investigated  first.  Hie  size  and  number  of  jets  in  a  given 
sampler  were  selected  to  complement  each  other  such  that  jet  velocity 
and  flow  rate  were  kept  nearly  constant  at  0.1  sonic  velocity  (Id. 8 
mph)  and  6  liters/ain,  respectively.  Over  two  trials  and  two  repli¬ 
cate  samplers  per  trial,  no  appreciable  differences  in  recovery  at¬ 
tributable  to  differences  in  Jet  diameter  were  observed.  The  modified 
samplers  operating  at  0.1  tonic  velocity  were  about  55%  a*  effi¬ 
cient  as  the  ACI  6-15  in  the  collection  of  sodium  fluorescein  and 
about  75*  as  efficient  in  the  collection  of  jP.  tularensia  ■  After  a 
45-otin  aspiration  period,  the  survival  of  P  tula? ens is  cells  in  the 
modified  samplers  was  between  93  and  1117.;  whereas  Ir.  the  AGI  6-15  it 
was  ?5V  The  jet  diameter  was  maintained  at  0.02’i  inches  in  subse¬ 
quent  experiments,  since  the  larger  size  jet  could  be  drilled  end 
cleaned  with  greater  esse,  end  since  r.o  appreciable  differences  in 
recovery  wart  observed  over  the  range  of  jet  diameters  studied 

In  a  subsequent  experiment,  Jet  velocity  was  varied  between  the 
78  mph  tasted  previously  and  200  mph,  which  May  and  Harper^1'  indicated 
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Fig.  t.  The  Multiple  orifice  impinger  > 

as  the  optimist  impingement  velocity.  To  accomplish  this,  the  number 
of  jets  per  sampler  was  varied  between  12  and  4  with  the  resulting  jet 
velocities  indicated  in  Table  1.  The  data  shown  represent  the  results 
of  several  experiments  in  which  multiple  orifice  impinger*  (MOI)  and 
the  AGt  6-15  were  used  to  sample  dynamic  aerosol#  generated  fro®  a 
a  lob  is U  *pore-P.  tularensia  mixture  into  a  modified  Rsynier  aerosol 
chamber  with  a  Chicago  atomiser,  SYH^  was  used  «•  the  collecting 
fluid  in  all  the  samplers.  The  four- jet  impinger  was  comparable  to 
the  AGI  6- IS  for  the  collection  of  j),  alobiali  spores  and  superior  to 
it  by  12%  when  collecting  P.  tularenais .  Consequently,  it  vas  com¬ 
pared  with  the  ACX  b-15  in  e  slmiler  experiment  in  which  both  dynamic 
and  20  min  aged  aerosols  of  P.  tularensls  were  sampled  The  ratios  of 
the  initial  recoveries  in  the  four-hole  Impinger  to  those  in  the  ACI 
6-15  were  as  foliows:  Dynsesic  cloud,  1.03  --  Aged  cloud,  1.02. 

The  optimum  stem-height  wei  determined  in  en  experiment  with  p. 
tularensls  aerosols  in  which  the  distance  was  set  ec  7,  10  and  15  tar. 
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All  the  samplers  c  mtained  !  8  5  ml  of  SYM  fluid  Assavs  were  per¬ 
formed  following  a  2-min  sampling  period  and  again  after  Mi  nun  'f 
aspic  at  hm»  in  "clean"  air .  fhe  ratios  of  the  recoveries  !n  the  modi¬ 
fied  samplers  relative  to  those  in  the  AGI  fc-15  are  shown  in  Table  2. 


YASi.K  i  Tlie  initial  recovery  of  aerosolized  Fas  test  e  1 1  a  Cuiarens  is 
and  Bac  i  l  lua  globigi  i  spores  as  a  function  of  te  r  mimhor 
and  velocity  in  the  multiple  orifice  impinger 


' eLarac ter i s? i c* 


Test  ! 

organisms 
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*  Jet  diameter  *  0.023  inches;  sampler  flow  rate  -  6  liter  min 
}  Velocity  -  Jet  velocity  given  m  miles  per  hour. 

*  Obtained  as  5.££2^ r  . 

Recovery  in  AGI  6-iS 


TABLE  2.  The  recovery  of  aerosolized  Pasteorc  Ha 
tularens  is  in  the  multiple  orifice 
impinger  as  a  function  of  stem  height 


Recovery 

* 

rat.  io 

Stem  height 

Initial 

After  60  min  aspiration 

7  mm 

1.52 

1  .59 

10  mm 

1.18 

1.25 

15  ram 

I 

1.25 

1  .49 

i  i  ^-H  i—  III  ii.saBMir— an -vii  ir.  Lsjunai'./ni .1. 

Recovery  In  test  sampler 
Recovery  in  AGI  6-15 


*  Obtained  as 


Severs!  experiments  then  were  conducted  m  determine  trie  optimum 
amount  fluid  to  be  used  with  the  four-hole,  7  mm  stem-height  s am¬ 
pler.  Collection  efficiency  decreased  with  volumes  of  15  ml  or  less. 

Two  trials  were  performed  to  compare  the  aspiration  losses  in  the 
four-hole,  7  rma  stem-height  sampler  containing  18.5  ml  of  fluid  (MOD 
and  the  AGI  6-15.  Dynamic  and  30  min  aged  aerosols  were  generated 
from  g,  g U; b .1  a i i  spore  end  P.  tu larens is  mixed  suspensions  end  sampled 
as  described  previously.  The  samplers  were  aspirated  for  30,  60  and 
120  sum.  An  analysis  of  the  data  revealed  a  highiv  significant  dif- 

feience  in  residual  fluid  volumes  of  the  MCI  find  AGI  samplers  fol¬ 
lowing  aspiration.  The  rate  of  fluid  loss  in  the  MO  1  was  0.0124  mi' 
min,  which  is  approximately  207.  the  rate  for  the  AGI  6-15.  'Hie  MG! 
sampler  obtained  at  5  67,  higher  initial  or  non-asp ira ted  recovery  of 
P .  tu  1  iirens is  than  did  the  ACI  sampler  lor  the  dynamic  cloud  and  a 
16  27;  greater  recovery  with  the  aged  aerosol.  lhe  exponential  aspir¬ 
ation  loss  of  viable  F.  tu  larer-s  is  in  the  AGI  sampler  was  0. 36%/nun 
of  operation  time;  it  was  .08?./ssin  in  the  MOI  sampler.  These  data  are 
shown  graphically  in  Fig.  2. 


Fig  2  The  effect  of  prolonged  sampler  operation  (aapiratlon) 
on  the  collection  of  aerosoltsed  gaateure 1  la  tularena Is  In  the  M01 
as  compared  to  that  in  the  AGI  6-15. 
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In  tSiis  experiment  the  initial  recovery  of  8  x  i  obi g  i  i  spores  in 
the  AG  I  6-15  was  about  12Y,  higher  than  that  in  the  MGI.  Aspiration 
losses  in  both  samplers  were  comparable,  at  a  highly  significant  and 
appreciable  rate  of  1  87'Vmin.  tt»i*  has  been  shown  in  our  laboratory 
by  Levin  and  Csbelii^3^  to  be  due  tc  germination  of  spores  under  the 
influence  of  hyperoxygenation  in  3YN  fluid  and  the  loss  of  viability 
in  the  highly  sensitive,  germinated  spore  during  aspiration.  Figure  3 
and  Table  3,  taken  from  theit  report,  document  the  germination  of  the 
spores  during  aspiration  as  seen  by  the  release  of  diplculinic  acid 
and  the  dependency  of  the  germination  on  hyper cxy genat ion .  Germin¬ 
ation  but  not  aspiration  losses  was  observed  when  Off  fluid  was  used 
i^rtead  of  SYN. 

To  conclude,  the  MOf  recovery  data  show  a  significant  increase 
over  those  of  the  AC-I  6-15  after  prolonged  aspiration  times  due  to  the 
initial  viable  cell  recovery  and  the  decreases  of  the  loss  of  collec¬ 
tion  fluid. 


Fig  3.  The  germination  of  Bacillus  globigi i  spores 
during  aspiration  as  seen  by  the  release  of  dipieolinic 
at  l  d . 


206 


60 


TABLE  3. 


* 


Aerosol lzat ion  and  aspiration  of 
Bac  UU iig  flubting  spores  In  an 
atffiospher#  of  hitrojgen 


*  Aspiration  interval  -  60  min 

**  Each  trial  represents  a  separate  aerosol  at 
conditions  of  50%  RH,  50  F  and  dynamic  con¬ 
ditions  • 

J  %  survival  -  recovery  after  aspira ticr./re* 
ccvery  before  aspiration  X  100. 

*  Each  value  represents  the  mean  survival  taken 
fro®  four  samplers. 
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DISCUSSION 


* 

VTT?  :  We  found  a  aiatilar  experience;  there  seemed  to  be  some 

increase  in  aspiration  losses  with  the  age  of  the  aerosolized  cell, 

Did  you  take  measures  tc  check  this  at  ail;  £5o  you  think  selection 
played  any  part  in  this; 

Gabel 1 i  (for  George):  We  did  not  try  it  in  this  context ,  We 

tried  it  in  terms  of  the  growth  or  p.  tularensis  on  a  deficient  medium. 
Thus,  the  progessy  of  those  aerosolized  cells  able  to  multiply  on  the 
deficient  medium  (peptic  digest  without  starch)  were  no  different  in 
this  respect  than  the  parent  population.  This  lack  of  stability  sug¬ 
gested  that  the  heterogeneity  in  regard  to  this  characteristic  was  en¬ 
vironmental  racher  than  genetic.  Cchat  explanations  are  possible,  but 
certainly  we  did  not  achieve  greater  stability  by  the  process  cf  selec- 
t  ion . 

Morton :  A  number  of  groups  have  aerosolized  S  marcescens  in 

the  field  and  collected  organisms  which  managed  to  survive  for  consid¬ 
erable  distances  down-wind,  and  there  was  no  change  whatsoever  in  the 
decay  of  subcultures  --  it  was  precisely  the  same.  I  don’t  know  if 
any  one  of  you  has  had  any  luck  in  this  regard.  You  tried  it,  Goldie, 
didn't  you,  from  organisms  surviving  for  several  days  in  a  drum?  Did 
you  have  any  luck  in  improving  the  breed'; 

Goldberg:  1  would  like  to  sketch  this  out  so  you  can  see  the 

dramatic  nature  of  it.  If  you  consider  a  scale  of  about  5  logs,  and 
you  have  a  Curve  that  tails  at  about  i  log,  we  always  make  the  obvious 
inference  that  such  a  sub-population  is  different.  Now,  if  it  is  a 
genotype,  there  is  no  question  that  it  would  occur  there,  but  the 
other  postulate  reasonably  assumed  is  that  you  have  one  genotype  and 
several  phenotypes.  So  far  as  we  know,  if  the  lone  survivor  is  grown 
up,  it  generates  the  same  Curve  back,  and  the  most  amazing  thing  is 
that  you  are  dealing  wich  1  parr  in  a  100,000  population •  The  reason 
I  point  out  this  phenomenon  is  that  people  sometimes  don't  realize 
tnat  it  can  occur  in  one  part  in  a  100,000,  even  one  part  in  a  million: 
yet  m  what  vc-u  might  term,  a  phenotypic  way.  This  same  type  of  be¬ 
havior  occurs  in  all  sorts  of  stress  conditions;  for  example,  in  the 
preparation  of  a  polio  vaccine  you  get  that  same  sort  of  thing 

VFTF :  We  conducted  some  studies  in  which  aerosolized  ceils  were 

exposed  to  multiple  stresses  m  sequence  and  the  survival  percentages 

*  IT  IT  -  Vo;,e  from  the  floor 
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were  examined.  It  appeared  that,  following  the  initial  strata,  the 
population  was  altered  so  that  the  effect  of  the  subsequent  stresses 
seemed  to  always  be  less. 

Silver:  Ke  visualise  the  possibility  that  organ!*®*  that  survive 
aerosol izaciem  for,  let’s  say,  30  or  60  min,  might  either  represent 
individuals  which  have  an  altered  or  a  specialised  genotype,  or  they 
might  be  phenotypic;  but  there  was  a  possibility  that  throwing  the® 
back  on  medium  and  growing  up  *  ~e u  culture  from  them  might  reauit  in 
the  dissipation  of  their  specialized  capacity  to  survive  aerosol!" 
ration.  Consequently,  Dr,  Harper  has  prepared  aerosols,  and  obtained 
the  survivors  from  these  aerosols  after  60  min  of  duration,  and  im- 
mediately  re-aerosolized  them  in  the  thought  chat,  as  you  pointed  out, 
he  might  come  up  with  a  nice  flat  line;  but  he  came  out  with  that  same 
boomerang- shaped  curve,  which  seemed  to  indicate  that  there  was  some¬ 
thing  specialized  about  the  properties  of  the  cell  in  the  aerosol  -- 
the  organisms  which  can  survive  aerosol izarion.  But  that  specializa¬ 
tion  is  a  property  of  the  organism  while  it  is  in  the  air;  when  you 
get  it  back  in  the  sampling  fluid,  its  character  1st ics  change  back  to 
that  of  a  normal  individual. 

VFTf :  In  this  area  perhaps  we  should  use  a  synchronous  culture 

and  then  aerosolize  them. 

Short :  Derr,  in  my  laboratory,  had  a  paper  out  several  years  ago 

on  chat  with  Pasteure  1  la  p-stis .  and  there  seemed  to  be  some  physical 
damage  to  individual  cel  s  that  required  some  hours  to  repair.  There 
seemed  to  be  no  final  getetic  damage  to  the  progeny.  It  indicated 
that  you  sometimes  need  an  enriched  medium  --  there  have  been  several 
papers  -on  that  --  to  increase  viability.  Years  ago  Karl  Parsichetti 
passed  an  organist*  for  23  cycles  of  aerosol  izat  ion  and  regrowth,  and 
we  were  right,  back  where  we  started. 
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PRELIMINARY  STUDIES  WITH  A  CONTINUOUS  IMPINGER 
FOR  COLLECTION  OF 

8ACTER IAL  AND  VIRAL  AEROSOL  SAMPUES 


L.  J.  Goldberg  and  fi.  N.  S.  Watkins 

Naval  Biological  laboratory.  School  of  Public  Health, 
University  of  California,  Berkeley 


This  report  presents  data  on  the  efficiency  of  a  continuous  im- 
pinger  device.  It  was  possible  to  sample  the  viable  particulate  con¬ 
tent  of  50  cu  ft  of  air  (at  1  it^fntn)  into  a  terminal  recycled  fluid 
vol  of  leas  than  2  cc. 

An  axial  section  of  the  current  model  of  the  NBL  Continuous  Im- 
pinger  (NBL-CI)  ia  illustrated  in  Fig.  1.  If  one  considers  air  at 
sonic  velocities  ca  an  incompressible  fluid,  the  flow  pattern  is  con¬ 
ceptually  aa  follows: 

The  air  flow  through  the  entrance  jet  nc-atle  ia  restricted  to  an 
orifice  of  0.078  inch  diameter  or  an  area  of 


Aj  -  Vi- 078) 2 


Equation  l 


The  annular  effluent  air  stream  is  restricted  to  an  area  of 

Aj  •  If  ( . 156)h  Equation  2 

where  h  ia  the  pedestal-notxle  clearance.  Area  A,  may  be  re-expreated 
as  follows: 

A,  -  IT  ( .078) 2  »  f  (.156)2 
4  16 


-  7 7  (  156)  (.010) 


Equation  3 
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How  set  “  A2  This  suggests  an  annular  opening  or  a  pedestal 
clearance  of  .010,  since  trie  i  squid  feed  hold  is  1 56  inches  in 
diafswter,  in  order  to  approximate  nonturbulem  flow  over  the  pedestal. 

One  noteg  that  the  base  pedestal  and  top  nozzle  have  a  downward 
taper  ot  15°.  This  taper  achieves,  at  the  air  entry  nogzle,  a  clear" 
ance  of  Q.Q2G  inches,  permitting  nonreatr  ie  t  lve  air  flow  throuj$h  a 
nominal  90°  change  in  direction 

Another  requirement  is  that  the  liquid  flow  over  the  base  pad* 
estal  be  smooth  and  unbroken  itssw  J ;  efely  under  the  air  jet,  so  as  to 
provide  an  intact  fluid  front  for  particulate  impaction.  this  condi¬ 
tion  i*  sensitive  to  pedestal  clearance.  It  we*  experiment*! ty  ob¬ 
served  that  the  desired  even  liquid  flow  was  obtained  for  a  pedestal 
clearance  corresponding  to  a  nominal  10?,  reduction  of  the  unrestricted 
air  flow. 

As  a  result  of  the  acnac  approach,  a  unit  was  constructed  and 

q  , 

tested.  The  impinger  operates  at  an  air  saff.pl  ing  rate  of  1  ft  /min 
with  a  continuous  iiqi,.;<r  flow  of  nominally  1  cc/aiti.  For  24  hr  con¬ 
tinuous  operation,  a  liquid  flow  of  approximately  1.5  cc/min  la  re¬ 
quired  to  prevent  a  5  i;  .  iculate  accumulation  from  slowly  building  up 
on  the  sampling  pedasi'.i  A  peristaltic  pump  was  used  to  transport 
the  impinger  fluid. 

Preliminary  tests  t'oi  collection  efficiency  were  made  with  dye 
(malachite  green)  solutions  aerosolized  by  a  Wei  1 s  ’ -type  atomizer. 
Solutions  with  nominally  5*  solids  will  result  in  an  aerosol  with  a 
mass  mean  diameter  of  1-2  u.  Tests  for  biological  collection  effi¬ 
ciency  were  performed  with  Serratia  marceacens  and  with  Vesicular 
Stomatitis  virus  (VSV)  . 

SS.  mareescens  was  inoculated  from  a  seed  slant  into  heart  infu¬ 
sion  broth  (Difco)  and  incubated  on  a  ahaker  at  3?  C  for  24  hr.  The 
aerosolized  organisms  recovered  in  a  nutrient  broth  (Difco)  were 
aasaved  on  nutrient  »gar  petri  plates  After  incubetio;  for  18-24  hr 
at  37  C,  colonies  were  counted. 

VSV  was  harvested  from  and  assayed  in  chick  fibroblaat  tissue 
culture  monolayers  (CFTC) .  Monolayers  employed  for  virus  production, 
or  for  aesay,  were  grown  in  16-  or  3-oz  prescription  bottles.,  respec¬ 
tively,  for  24  hr  st  37  C  in  0.5H  lectelbumln  eneymetlc  hydroiysete 
in  Eerie 's  belenced  salt  solution  (LE)  st  pH  7  .2-7 .4  to  which  was 
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added  6"?.  heat  -  inac  t  ivated  calf  serum  and  antibiotics.  Fur  production 
of  plaques,  Suitable  dilution*  of  virus  samples  were  permitted  to  ad¬ 
sorb  to  drained  unwashed  CTFC  monolayers  for  .  hr  at  room  temperature 
Subsequently  the  cells  were  overlaid  with  LE  fortified  with  0  1', 
bovine  a i burnt n  Fraction  V  at  pH  7-8,  plug  1”  nutrient  agar,  plus  211 
fetal  calf  serum.  After  24  hr  incubation  at  37  C,  1  6000  neutral 
red  was  added  to  mono  layers  to  aid  in  counting  plaques  Endpoints 
were  expressed  in  teres  of  plaque "forming  units  (Wl';  per  standard 
volute*  of  aerosul  samples. 

It  was  observed  that  particulate  recovery  was  sensitive  to  the 
depth  of  the  fluid  feed  cavity  It  w,s  further  noted  that  the  condi¬ 
tion  of  aaxisuas  turbulence  in  the  f'uid  feed  cavity,  as  evidenced  by 
ssinirauia  air  flow,  resulted  in  (saximal  recovery. 

Tables  1  and  2  summarize  the  results  of  two  experiments  using 
VSV  aerosol*.  Hie  AGi-30  capillary  impinger  was  used  as  a  parallel, 
s imuitaneous ,  comparative  sampler.  It  is  evident  that  the  NBL  Contin¬ 
uous  Insplnger  was  as  efficient  as  the  ACI-30. 

Tables  3  and  4  present  the  results  of  a  similar  set  of  experi¬ 
ments  usings,  ctarcescena .  Again,  no  significant  differences  between 
the  two  sampling  techniques  were  noted. 

The  NBL  Continuous  Xmpinger  Has  been  demonstrated  to  sample  air¬ 
borne  particulates  of  i-2  u  diameter  as  efficiently  as  the  standard 
AGI-30  (12-5  1  iters,  min)  .  The  feature  of  continuous  operation  has 
applicability  in  many  sampling  problems. 

One  of  the  interesting  applications  of  the  S'BL-CI  is  in  the 
selection  of  mutant  organisms  for  study  in  experimental  aerobiology. 
The  entire  residual  viable  content  of  »r,  aerosol  in  a  holding  chamber 
of  approximately  50  ft^  may  be  sampled  into  less  than  3  cc  of  sampling 
fluid.  This  should  allow  one  to  assay  for  mutants  resistant  to  the 
imposed  environment  with  a  capability  of  detecting  a  mutation  ratio 
of  1/10®  to  1/1010. 

One  additional  comment  should  be  made.  Due  to  the  liquid  flow 
characteristic*  of  the  NBL  impinger,  there  is  no  requirement  for  an 
antifoam  At  a  result,  the  fluid  used  for  collection  of  virus  aer¬ 
osol  may  be  directly  utilized  on  the  tissue  culture  monolayer  used 
for  plaque  aaaay. 
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TABLE 


Compare  t  ive  aerosol  recoveries  of  Vesicular  Stomatitis  virus 
employing  the  NBL-CI  and  Af.f-F' 


NBL-Csnt irtuous  lapinger*  !  AGS- 30* 

(26.5  1  lt«rs/asln)  i  (12.6  liters  asm) 


Ssaspls 
f ft, 

Fluid  recovered 
(corrected  to 
aasay  vol .  ot 

20  cc) 

Plaque 

count* 

-O  ,5  Oil  . 

Sample 

He 

- - - - — . 

Fluid  recovered 
(corrected  co 
aaaay  vul  . 

10  cc) 

Plaque 
cmjn  r  i 

-  0-5  dll 

2 

1— . 

3.8  cc 

1,0 

i 

9  .  ft  Cf 

r 

it9 

4 

J .  b  cc 

9,25 

3 

9  S  cc 

4,3 

6 

.1.6  cc 

13,22 

K 

5 

9.2  cc 

20,16 

8 

4.0  « 

24,17 

7 

9  2  cc. 

2.0 , 12 

3  /v 
tv 

•i  .0  ec 

20 , 20 

9 

9  2  cc 

16,29 

12 

3.8  cc 

14,3 

11 

9  2  cc 

36,7 

16 

4.0  cc 

23,1V 

13 

9.2  cc 

5,18 

26 

4  .0  ce 

9, IS 

15 

9.0  cc 

19,19 

18 

3.8  cc 

8,10 

37 

9.0  cc 

6,14 

20 

3.8  cc 

16,13 

19 

9.2  cc 

7,18 

22 

3 . 8  cc 

11,10 

23 

9.0  ec 

13,9 

24 

3.8  cc 

23 

297 

273 

*  Operated  at  20  inch  Hg  vacuum. 
i  Assayed  plaque  count/250  ec  of  aerosoi. 


TABLE  2. 


Comparative  aerosol  recoveries  of  Vesicular  Stomatitis  virus 
employing  the  NBL-CI  and  ACI-30 


NBL-Cont inuoua  lapinger 
(26  5  litera/«in) 


AGI-JO 

(12.5  ilter«/»in) 


Sample 

So. 

Fluid  recovered 
(corrected  to 
aaaay  vol .  of 

20  cc) 

Plaque 
count* 
-1.0  dil. 

Sample 

No  . 

— 

Fluid  recovered 
(corrected  to 
assay  vol .  of 

10  cc) 

Plaque 
cotmti 
-1.0  <U1. 

2 

3.6  ec 

31,21 

1 

7.0  ec 

20,15 

4 

3-4  cc 

15,16 

3 

9.0  cc 

22,17 

6 

4.0  cc 

35,26 

5 

9.0  cc 

23,24 

8 

4.0  cc 

33,25 

7 

9.0  cc 

21,21 

10 

3  8  cc 

26,23 

9 

9.0  cc 

20,21 

12 

4  0  cc 

34,22 

11 

9.0  cc 

16,13 

14 

4  0  cc 

26,22 

13 

9.0  cc 

14, 19 

16 

20.26 

15 

9  0  cc 

20.19 

401 

307 

*  Operated  at  18  inch  Hg  vacuum. 

I  Aaaayed  plaque  count/ 750  cc  of  aeroaol. 
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TABLE  3,  Coiaparat  Ive  aerosol  recoveries  of  Serrat  la  «aree»cens 
employing  the  NCL-CX  and  AC  l-  30 


NKL-ContiJUiOua  lap  lager* 

<26.3  lit*r*/Bln) 

AGI-30* 

<12.5  siter*/»ln) 

Sample 

No. 

| 

Fluid  recovered 
(corrected  to 
assay  vol.  of 

4 2  cc}! 

1 

Viable 
count 
i  0  dii . 

l 

Fluid  recovered 
(corrected  to 
assay  vol .  of 
20  cc) 

Viable 

count 

0  dll . 

1 

I  ] 

7,8  cc 

88,88,98 

I 

1?  cc 

73,82,84 

2 

7.8  ec 

j  72,84,90 

2 

18  sc 

85,96,89 

J 

? ,  8  cc 

72,81,89  j 

3 

17.5  cc 

!  88,79,86 

4 

8.0  cc 

78,34,88 

4 

13  cc 

j  70,83,81 

3 

8.2  cc 

33,58,52  ; 

j  5 

18  cc 

|  73,82,82 

1147 

> 

1233 

i- . 

*  Operated  at  20  inch  Hg  vacuum 
|  Pump  set  to  deliver  1-1/2  cc/min 


TABLE  4.  Comparative  aerosol  recoveries  of  Serratla  am rcescens 
employing  the  NBL-CI  and  AGl-30 


NBL-Cont inuous  Impinger* 

(26.7  liters/min) 

ACI-30 

(i2.5  liters/mln) 

m 

Fluid  recovered 
(corrected  to 
assay  vol,  of  ! 
42  cc)*  j 

n 

Viable 

count 
|  0  dll . 

1 

Sample  ; 

No. 

Fluid  recovered 
(corrected  to 
assay  vol .  of  j 
20  cc)  : 

Viable 

count 

0  dii. 

l 

7.6  cc 

1  'LJ  ^ 
n 5, 126,  i  14 

i 

18.5  cc 

167,129,161 

2 

7 .4  cc  j 

122,112,125 

2 

18.0  cc 

i 

116.122,135 

3 

7 .6  cc 

131.111,128 

3  i 

18.5  cc 

137,149,160 

4 

7.4  cc 

139,123,142 

4 

i 

18.0  cc 

105,132,141 

i 

- i 

1488 

1 

_ 

1659 

*  Operated  at  20  inch  Hg  vacuum. 

|  Pump  set  to  deliver  1-13  cc  nun. 
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DISCUSSION 


TO*:  Could  you  give  us  some  of  your  thoughts  on  critical  psr# 

meters  of  impinger*  in  regard  to  viability? 

-Goldberg;  Dr.  May  did  some  early  work  on  the  cascade  isapactor 
which  indicated  thac  the  critical  parameter  involved  is  the  impact  ion 
parameter  characterised  as  that  siie  collected  with  507,  efficiency. 

If  you  will  carefully  note  this  impaction  parameter  —  in  particular, 
if  you  hold  it  near  0.6  p  you  will  find  that  rupture  of  the  call 
due  to  impaction  will  be  reduced .  Now  this  means  chat  you  can  operate 
at,  let'*  say,  sonic  velocity  with  a  larger  hole,  if  you  will,  i.e., 
you  can  go  to  smaller  holes  but  less  than  sonic  velocity.  1  think 
its  best  to  consider  your  sampling  in  terms  of  this  impaction  para¬ 
meter  rather  than  simply  in  terns  of  either  velocity  or  jet  diameter 
or  width,  depending  on  whether  you  have  a  hole  or  slit.  It  turns  out 
with  the  12.5  liter/min  ACI,  that  the  impaction  parameter  is  almost 
ideal.  When  you  use  the  ACI  with  a  fa  liter/min  sampling  rate,  the  im¬ 
paction  becomes  a  little  toe  severe.  As  a  result  it  appears  that  the 
12.5  liter/min  all-glass  impinger  is  superior  as  a  general  air  sampler 
When  one  restrains  the  impaction  front,  one  can  achieve  sampling  rates 
of  25  licers/ain.  In  the  AGI,  the  fluid  front  is  not  restricted  and 
as  a  result,  the  impaction  parameter  in  effect  drops  off.  So  the  net 
result  of  all  of  this  is  that  you  end  up  with  about  the  optimal  im¬ 
pinger  type  of  device  at  12.5  llters/min. 

Silver:  How  do  you  know  that  everything  is  working  properly? 

In  the  case  of  the  ordinary  glass  impinger,  of  course,  you  get  to 
look  at  it.  How  do  you  know  yours  is  always  working? 

Goldberg:  The  wall  of  the  present  device  is  a  clear  pla  tic  so 

you  can  see  in  and  note  if  it  is  working  properly. 

VTTy :  In  chat  particular  study  between  the  12.5  liter  raised 

impinger  and  the  6  liter/min  raised  stem  impinger,  I  believe  there  was 
no  difference  whatsoever  with  two  organisms,  tularensis  and  8G  spores. 
Actually  there  were  slightly  higher,  and  significantly  so,  recoveries 
in  the  6  liter  than  the  12.5  liter  impinger. 

VFTF :  What  about  the  sampling  fluid  —  isn't  this  part  of  the 

criticel  parameter? 

Goldberg :  Yes,  this  is  one  of  the  things  thet  comes  up.  The 
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sampling  fluid  is  also  very  important.  And  I  think  you  say  find  higher 
recoveries  with  sampling  fluids  other  than  those  X  mentioned,  We  kept 
o  n*  constant  during  the  comparison  but,  nonet?. r  ’  *•**:,  this  is  a  ja- 
t< an  where,  in  a  sense,  we  are  trying  to  compare  different  resul  and 
it  is  very  difficult  to  relate  the  two  unless  you  do  the  experiment 
under  identical  conditions  again. 

VfSf :  X  seriously  diagree  with  a  previous  statement  that  the 

6-13  and  the  12.5  are  doing  the  saute  job  Those  of  us  who  are  doing 
so @e  research  in  the  field  of  aerosol  standardisation  techniques  know 
that  we  sostet lines  get  some  Boat  ^Jd  result*,  ,*fcen  we  collected  P. 
tularemia  aerosols,  we  would  end  up  with  about  50?.  SS  when  sampling 
immediately  after  spraying.  X  think  that  under  these  conditions  the 
6-15  implnger  kills  tularensis  cells  at  a  greater  rate  than  the  12.5. 

Goldberg  ■  We  duplicated  some  of  your  findings  and  are  not  sure 

whether  it  is  the  organism  or  the  sampler  causing  the  trouble.  Unfor¬ 
tunately,  there  is  no  Immediate  answer  to  this  type  of  a  dilemma. 
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INACTIVATION  OF  VIRUS  AEROSOLS  BY 
ULTRAVIOLET  LIGHT  IN  A  ^LICAL  BAFFLE  CHAMBER 


Marcus  M.  Jensen 

Department  of  Medical  Microbiology  and  Immunology 
School  of  Medicine,  University  of  California 
Los  Angeles,  California 


The  following  report  describe*  preliminary  studies  which  were 
undertaken  to  determine  the  effectiveness  of  a  h  igh  -  intena  ity  ultra* 
violet  (UV)  chamber  to  inactivate  v  iuses  in  aerosol  suspensions. 

MATERIALS  AMD  METHODS 

Aerosol  Test  Unit.  The  aerosol  test  unit  designed  for  this  study 
is  shown  in  Fig  1.  The  unit  consists  of  the  following  components: 

1.  Aerosol  generation  chamber. 

2.  UV  test  chamber. 

3.  Sampling  chamber. 

k.  Decontamination  chambers. 

Aerosol  generation  chamber:  Air  vas  supplied  to  the  unit  by  a 

blower  with  a  variable  output  capable  of  delivering  up  to  200  cfnt:  for 
these  tests,  100  efm  was  employed.  Before  entering  the  generation 
chamber,  the  air  passed  through  a  0.3  u  filtet  which  removed  microbial 
contamination  Six  UV  light  tubes  were  installed  inside  the  chambers 
for  decor.tatn  nation  purposes  The  Sehoeffel  Mode!  20CA  aerosol  gener¬ 
ator  was  used  (Sehoeffel  Instrument  Co.  ,  Hillsdale,  N.J.).  This  self- 
contained  unit  generated  a  fine  aerosol  and  dispensed  0  i28-0  150  g  of 
viral  suspension  min.  this  varied  with  the  compoaition  of  the  fluid. 

The  aerosol  was  directed  into  a  7-irn.h  diameter  tube  leading  to  the  UV 
chamber 
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UV  teat  chamber  : 


Hie  UV- light  chamber  consisted  of  a  36  Inch 
long  cylindrical  aluminum  tube  of  7  Inch  diameter  with  an  inner  surface 
highly  reflective  for  UV  radiation  In  the  germicidal  range  (Fig'  2), 
Inside  this  chamber  was  a  helical  baffle  svstesi  that  produced  turbu¬ 
lences  and  directed  the  air -flow  in  a  cyclonic  pattern  to  Insure  com¬ 
plete  exposure  of  the  airborne  particles  to  the  UV  rays.  The  UV  tube 
extended  i nngi tudinal ly  through  the  core  of  the  ch«*L«r  (This  chamber 

was  provided  by  the  Union  Carbide  Corp .  ,  Linde  Co.  >  Linde-RobMn# 

Aseptic  Air  Systems,  Venice,  Calif.).  Ilia  UV  tube  was  a  G£  geraicidal 

B 

lamp  (G  36T6)  with  an  output  of  13.1  watts  at  a  wavelength  of  253?  A. 

j  y 

A  radiation  intensity  of  4.85  watcs/ft*  at  2  inches  was  produced  by 
this  lamp.  The  air-flow  velocity  through  the  chamber  was  400  ft/min, 
which  gave  an  exposure  time  of  about  0.6  sec 

Sampling  chamber:  Hie  Andersen  sampler  proved  to  be  more  effec¬ 

tive  than  al 1 -glass - 1 iquld  impingers  for  the  sampling  of  viral  aerosol* 
in  these  studies.  The  top  of  the  sampler  was  placed  even  with  the  in¬ 
side  of  the  tube  Regular  Andersen  sampler  petti  dishes  were  filled 
with  2?  ml  of  2%  agar.  The  agar  was  then  covered  with  0.3  m3  of  a  20" 
skfK  milk  suspension;  this  formed  a  thin  viscous  film  over  the  agar. 

After  the  aerosol  sample  was  collected,  the  skim  milk  film  was  sus¬ 
pended  in  3  ml  of  Hanks  solution.  This  fluid  was  then  assayed  for 
viruses.  The  sampling  efficiency  with  Che  skim  auik  film  on  agar  was 
about  twice  chac  of  plain  agar  or  a  skim  milk  film  on  a  plastic  surface. 

The  stage  distribution  of  viral  plaque-forming  units  (pfu)  in  the 
Andersen  sampler  is  shown  in  Table  1.  Listed  are  the  four  viruses 
tested.  (Coxsackie,  B- i  containing  4  x  i 0‘  pfu/ml  In  Eagles  medium  + 
0.77.  serum  protein;  vaccinia,  containing  1  a  10  pfu/ml  in  a  1:20  dilu¬ 
tion  of  CAM  suspension;  Sindbis,  containing  5  x  10^  pfu/ml  in  chorioall¬ 
antoic  fluid,  influenza,  containing  1  x  10^  pfu/ml  it.  chorioallantoic 
fluid).  More  viruses  were  impinged  on  the  third  and  fourth  stages  than 
on  the  extreme  stages  some  ’slippage"  occurred,  but  for  these  studies 
this  was  not  considered  significant.  Based  on  the  calculations  of 
Andersen,  evidence  suggests  that  a  majority  of  the  vtral  particles  are 
contained  in  droplet  nuclei  2-4  u  in  diameter. 

Viral  assay:  All  viral  titrations  were  done  by  tissue  culture 
plaquing  methods  using  disposable  plastic  flasks  (Falcon  Plastic  Co., 

Los  Angeles,  Caiif  )- 
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F1C,  2.  Cutaway  of  ultraviolet  chamber , 
showing  helix  and  ultraviolet  tube 


TABLE  1.  Stage  distribution  of  viral  aerosols  collected  in 

the  Andersen  sampler 


Virus 

Plaque  -  forming  units 

per  stage 

of  sampler 

1 

2 

3 

! 

5  , 

6 

Coxsackie  B-l 

iO.SOO 

17,750 

21,750 

!  26,750 

20,250 

11,250 

Vaccln  ia 

8,??5 

30,  A  80 

42,930 

i  141,750  ! 

49,500 

1,785 

Sindbis  j 

1,830 

4,000 

j  15,750 

o 

c 

8,850 

840 

Influenza  A 

150 

1,200 

|  4,200 

I  3,300 

450 

- j 

The  following  f  1  aqulng  systems  were  used:  for  Coxsackie  B-l, 
Detroit-b  or  Davis  tissue  culture  monolayers  were  inoculated  with  0.2 
ml  of  skira  milk-virus  suspension.  After  viral  adsorption,  the  tell* 
were  covered  with  0.67,  agar  overlay  containing  tris  buffer  and  57, 
agarama  calf  serum.  After  3  days  incubation,  the  flasks  were  filled 
with  10'<  formalin,  which  fixed  the  cells  and  inactivated  the  virus 
The  overlay  medium  and  formalin  were  poured  off  and  the  cell  monolsver 
stained  with  ervstal  violet;  this  enabled  direct  counting  of  the 
plaques  For  influents  A  (WSM)  :  plaques  were  produced  on  primary 
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chick  embryo  -issue  culture  monolayer*  using  an  overlay  aediurs  de¬ 
scribed  by  Hirst  and  Simpson  which  contained  no  serum.  For  Sindbi*: 
plaque*  were  produced  on  seconder.,  chick  embryo  tisane  culture*,  using 
tris  buffer  overlay.  For  v--  'nli:  Plaques  were  produced  on  secondary 
chick  embryo  tissue  cultures;  no  overlay  was  used.  Ceils  were  fixed 
and  stained  after  36-hr  incubation. 

ULTRAVIOLET- LIGHT  INACTIVATION 

L'V  inactivation  test*  were  carried  cut  by  first  passing  the  viral 
aerosol,  through  the  lighted  UV  chamber,  then  repeat itig  the  procedure 
with  the  JV  e.iaaiber  light  off.  Each  test  lasted  10  sin.  Viral  con¬ 
centration*  collected  by  the  Andersen  sampler  with  the  light  "on"  were 
compared  to  concentrations  collected  with  the  light  "off"  and  the  per¬ 
centage  of  inactivation  determined. 

RESULTS 

The  results  are  sunmarUed  in  Table  2.  The  first  column  of  fig¬ 
ures  represents  the  concentration  of  viral  particlea/f t3  of  aerosol. 
These  figures  are  computed  from  the  amount  of  virus  contained  in  the 
viral  suspension  times  the  volume  of  fluid  dispensed./min  divided  by 
the  ft3  of  air  pasaed  through  the  eha«ber/»in 

The  next  two  columns  list  the  numher  of  viral  pfu  collected  with 
the  UV  light  off  and  on.  The  percentage  of  viral  inactivation  is  seen 
in  the  last  column.  A  value  of  100%  is  obtained  for  vaccinia  and  in- 
fluensa,  95.95%  for  Coxsackie  B*1  and  99.6%  for  Sindbis  virus.  The 
lower  figure  for  Sindbis  might  be  attributed  to  a  precipitate  that 
formed  in  the  viral  suspension  during  this  test. 


TABLE  2.  Inactivation  of  viral  aerosols  during  passage 
at  100  ft3/min  through  a  heHeai  baffled 
UV  light  radiation  chamber 


Virus 

Concentration  of 
viral  aerosol  in 

pfu/ft3 

Pfu  collected/ft3  of 
aerosol  sampled 

X  of  virus 
inactivated 
by  UV  1  ight 

i 

With  UV  off 

With  UV  on 

Coxsackie 
B-  1 

57,200 

10,755 

5 

99  95 

Inf luenra 

A  (WSN) 

14 , 500 

920 

0 

100 

Sindbis 

7,500 

4,537 

2 ' 

99.60 

Vaccinia 

128,000 

27,522 

0 

)ryc\ 
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CONCLUSION 
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The  eotieentrat  ions  of  virus  passed  through  the  UV  chamber  in 
these  tests  were  aany  ciaes  greater  than  that  which  would  be  encountered 
under  moat  conditions.  The  results  indicate  that  the  helical  baffled 
UV  chamber  would  be  effective  in  inactivating  virtually  all  airborne 
viruses  passing  through  it.  because  of  the  large  volume  of  air 
handled  by  this  unit,  it  readily  lends  itself  to  experimental  or  din* 
leal  conditions  where  the  air  laust  be  relatively  free  of  wicroorganisffis  . 

DISCUSSION 

VFTF*:  You  mentioned,  i  believe,  that  there  i*  high  efficiency 

with  the  Andersen  sampler  --  higher  than  with  the  ail-glass  impinger- 
Could  you  elaborate  on  that?  Could  you  show  an  extra  slide' 

Jensen;  1  hesitate  to  show  this  slide  (Table  3)  because  Che  fig* 
urea  represent  rather  "limited  data,  and  the  irregularities  may  be  a 
result  of  my  techniques.  Using  aerosolized  bacteriophage,  we  were 
unable  to  coliecc  any  virus  with  the  12  3  liter  glass-lmpinger:  evi¬ 
dently  there  was  a  shearing  effect  with  this  sampler.  With  a  midget 
impinger  we  could  pick  up  a  few  particle*;  the  Andersen  sampler  col¬ 
lected  more  than  ‘109  phage  particles  fH  as  determined  by  Andersen's 
positive  hole  conversion  table,  Next,  using  aerosolized  vaccinia 
virus.  l,06f  pfu  were  collected  with  12.5  liter  glass  iapirtger  as  com¬ 
pared  to  zero  with  the  midget  impinger  and  27,500  pfu  with  the  Andersen 
sampler.  At  this  point  in  our  study  we  decided  to  use  only  the  Andersen 
sampler;  the  results  of  the  Coxsackie  tests  had  not  been  completed  at 
that  time.  When  these  results  were  obtained,  it  was  found  the,  we  had 
a  greater  efficiency  with  the  12.5  liter  isnpinger:  27,500  piu  as  com¬ 
pared  to  6,000  and  10,775  pfu  for  the  midget  impinger  and  the  Andersen 
sampler,  respectively. 


TABLE  3.  Effectiveness  of  various  sampling  devices  for  collecting 

viruses  in  aerosol  suspensions 


Virus 

Pfu  of  virus  collected  fc^ 
oi  aerosol  sampled  with 

Liquid  impinger 

Midge  r 

Liquid  Impinger 

Andersen 

Sampler 

T*j  Bsc  it*  r  i  >phage 

F’*"-  -"--r-*-=a^ 

0 

2 

-  909 

vaccinia 

1  ,06h 

0 

2  7  , 500 

Coxsa*.  k  j  V  H -  i 

2 ; ,  sori 

T. — ggT.".  ;-,B.‘saa-=.a:,:~  — t— tsdg 

a,  ooo 

... 

L  .  !0V_5L . 

*  VF1T  -  Voice  from  tlie  floor 
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VPTF :  1  ®u*t  say  I  m  rather  surprised  that  tsore  of  ye-ur  parti¬ 

cles  fell  on  ata g*  3  or  4 .  If  moat  of  your  part ie let  fall  on  stage  3 
and  4,  it  would  not  mean  that  the  principal  number*,  tiaaelv  «iu»b*ra  of 
particle*,  would  b«  in  the  2-4  u  range,  would  It? 

Jensen :  Yes,  it  would. 

vrxr :  You  ssuat  have  many  viral  particles  per  droplet  nuclei. 

Jensen:  Specifications  on  the  aerosol  generator,  using  *  5>% 

saline  solution,  stated  that  *o*t  of  the  particle*  were  in  a  1.5  u 
range  or  below,  and  about  20%  by  volume  would  fall  into  the  2*4  a  rang*. 
We  haven't  as  yet  determined  the  actual  particle  alas  in  aur  aerosols; 
baaed  on  the  specifications  of  the  aerosol  generator  and  the  distribu¬ 
tion  'm  the  Andersen  sasapler,  we  do  find  some  discrepancy, 

VFTF :  Well,  trots  these  results  can  you  estimate  in  different  ex¬ 
periments  the  probable  number  of  viral  particles  per  drop  of  nucleus? 

■Jensen:  I  haven't  tried  11) is  . 

VFTf :  The  other  question  I  have  is  this;  Are  you  sure  that  this 
is  UV  and  not  os  one? 

Jensen .  The  lamps  used  in  these  studies  have  been  constructed  so 
as  to  minimise  ozone  production.  0 zone  coocentrat  ions  from  four  of 
these  lamps  burning  in  a  small  room  for  1  hr  would  be  less  than  0.0005 
ppm,  which  is  far  below  the  typical  atmospheric  oxidant  levels  ift  Los 
Angeles  (0.02-0.13  ppm) . 

Goldberg :  Did  you  compare  the  spiral  with,  say,  the  absence  of 

spiral  or  was  there  perhaps  one  turbulating  disk? 

Jensen:  No,  this  is  the  only  unit  we  have  tested  to  date 

Schuimatt :  What  was  the  relative  humidity  (RH),  or  did  you  deter¬ 

mine  RH  inside  the  chamber? 

Jensen :  Yes,  we  monitored  RH;  depending  upon  the  test  it  ranged 

between  62  and  6W..  Ke  made  no  efforc  to  control  the  humidity.  Use 
time  at  exposure  of  the  aerosol  was  only  about  1  sec  from  the  time  of 
generation  until  sampling.  The  amount  of  fluid  aerosolized  would  alter 
the  RH  inside  the  chamber  by  less  than  ! X  The  effect  of  RH  on  UV  in¬ 
activation  of  viruses  has  not  beer,  de cemined  Tins  could  be  a  critical 
factor 

Harper  :  I  merely  want  to  make  the  observation  that  one  should 

not  write  off  the  passing  of  1  sec  as  being  unimportant  --  one  can  get 
quite  stringent  death  in  that  period  of  time;  it  is  dependent  on  RH . 

So  one  should  not  say  it  is  just  1  sec  and  so  the  RH  does  not  matter 

j/FTF:  I  wondered  how  long  you  thought  chia  thing  would  work  -- 
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unci!  If  get  direy--  and  chan  it  weuidn't  be  as  effective  perhap#. 

Jenxii-  W#  ran  many  milliliters  of  fluid  through  thi#  unit  and 
I  been*  concerned  about  thl«  possibility  but  throughout  these  teste 
the  leap  was  not  cleaned  and  v*  atiii  had  the  same  degree  of  inactiva¬ 
tion.  In  normal  operation,  the  UV  unit  would  be  used  after  a  filter 

s^ieh  would  remove  duat  and  the  larger  particles.  In  these  studies 
approximately  100  ttsl  of  fluid  were  aerosol  ised  directly  into  the  UV 
chamber  without  prefiitration  and  we  still  had  a  high  (efficiency-  The 
vaccinia  tests  were  conducted  last,  so  evidently  there  is  a  good 
safety  Ssargin 

VTTF :  How  effective  is  thi#  with  bacteria?  la  it  as  effective? 

Jensen:  It  is  equally  effective;  tests  have  been  conducted  with 

various  bacteria,  including:  sr/cobac ter iu®,  and  tha  inactivation  rates 
were  greater  chan  99%. 

vTTT :  I  want  to  coament  on  this:  I  think.  GE  quotes  an  effective 

life  of  around  i,0CK3  hr  or  that  sort  before  the  glass  solarises,  then 
you  don't  get  enough  UV  to  be  effective  anytaore. 

Jensen:  The  manufacturer  lists  the  effective  life  as  approxi- 

m*tely  7,500  hr.  "Hiere  is  an  initial  100  hr  period  of  greater  inten¬ 
sity;  these  tests  were  conducted  after  the  initial  100  hr  of  operation. 

Coldberg:  You  might  i&enticn  that  against  a  natural  bacterial  air 
flora  yog  would  expect,  say  in  a  hospital,  the  reduction  to  be  between 
50  and  907.,  depending  on  humidity.  As  you  all  know,  the  hospital  or¬ 
ganism  is  quite  tough,  it  is  embedded  in  dirt,  so  to  speak,  and 
against  that  type  of  organism  your  kill  is  not.  as  effective. 

jensen:  As  T  stated  earlier,  in  this  type  of  installation  pre¬ 

filters  would  be  used  with  the  UV  unit  which  would  remove  the  large 
particles . 

VTTF:  Is  there  any  effective  temperature  change  in  this  situa¬ 

tion  with  all  of  this  intense  radiation'.  Is  there  any  increase  in  tem¬ 
perature  during  the  run  of  tiie  unit. 

.Jensen :  This  has  not  been  determined;  there  is  possibly  a  slight 

increase  I  had  thought  there  might  be  a  reduction  in  particle  size  in 
tests  with  the  lamp  on  due  to  increased  heat,  but  the  distribution  in 
the  Andersen  sampler  of  the  few  particles  chat  did  come  through  was 
similar  to  that  obtained  with  the  lamp  off;  i.e  largest  amounts  on 
stages  3  and  4.  The  amount  of  impaction  or  heat  inactivation  obtained 
within  the  helical  baffle  unit,  if  any,  has  not  ye l  been  determined. 
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The  aerosol  generation  of  particulate  solids  consists  either  of 
fracturing  larger  particles  and  creating  an  air  dispersion  of  their 
fragments,  or  of  separating  preformed  particles  held  together  in  eg" 
gregafes  by-  surface  contact  or  other  force*.  In  the  first  case,  new 
surface  area  is  created,  requiring  in  general  larger  expenditures  of 
energy  and  applications  of  larger  strease*.  Concomitant  with  the  ex¬ 
posure  of  fresh  surface  to  the  gaseous  environment ,  opportunity  for 
catalyzed  chemical  reactions  la  afforded,  which  ccuid  shift  the  powder 
into  a  non-equilibrium  condition.  Because  of  the  relatively  higt,  en¬ 
ergy  and  stress  requirements  for  increasing  surface  area,  aerosols  of 
powders  are  usually  generated  from  a  preaited  product,  prepared  either 
by  grinding  or  spray  drying.  Special  techniques  do  exist,  however, 
for  the  preparation  of  certain  dry  materials  that  make  possible  tha 
stable  aerosol  generation  of  non-presiked  powders,  through  reduction 
of  stress  required  in  the  creation  of  new  surface  by  alteration  of 
powder  properties. 

in  general,  however,  any  particulate  solid  aerosol  generation  pro 
cess  involves  both  the  creation  of  fresh  surface,  or  gr  ind  mg .  and  the 
separation  of  basic  presised  particles  held  together  as  aggregates,  or 
deaggiomeration.  the  relative  extent  of  grinding  and  deagg  loeaeret  ion 
depends  upon  the  energy  svsilabie  in  the  genersting  syates  ss  well  as 
its  compressible  flow  characteristics,  the  particle-sire  distribution 
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of  the  pr® -d  ispersed  powder,  the  design  of  the  aerosol  general.  ing 
ssechani scs,  and  the  intrinsic  physical  properties  of  the  solid  aediuin 
comprising  a  particle- 

The  purpose  of  this  paper  will  be  to  present  node  Is  for  grinding, 
and  for  particulate  solid  aer  sol  generation  involving  compressible 
fluid  dynamics,  to  an  attempt  to  correlate  properties  of  the  gen¬ 
erating  system*:  and  the  pit  -  J  taper  sed  powder,  hopefully  leading  to  a 
prediction  of  the  initially  generated  aerosni  size  distribution. 
Modification  -of  the  initial  aerosol  distribution  by  coagulation, 
pref  erent  lal  sedimentat  i  or-  or  diffusion,  etc  ,  will  not  be  discussed, 

AERODYNAMIC  DLAt-i.-UJl'SERATIOb  OF  PARTICULATE  SOLIDS 
A  ■  ConfujUBat  ion  of  an  aggregate 

In  the  discussion  which  follows,  it  will  be  assumed  that  the 
bag  ic  par  t  ic  lea  comprising  the  powder  are  homogeneous  in  sire,  a  has  ic 
par  t  ic  le  being  defined  as  the  smallest  voiustietric  subdivision  of  the 
powder  possible  without  the  creat-ion  of  fresh  surface-  This  assump¬ 
tion  does  noi  strictly  apply  to  most  powders  dealt  with  exper  internally , 
but  if  geometric  standard  deviations  of  the  distributions  are  small 
the  assumption  does  nut  introduce  any  serious  error-  A  proper  sta¬ 
tistic,  such  as  Sauter  Mean  diameter,  average  volume  diameter,  area 
mean  diameter,  etc.,  can  be  chosen  to  approximate  an  equivalent 
"homogeneous  sire''  for  a  given  application. 

It  will  be  further  assumed  that  the  basic  particles  are  initially 
separated  from  each  other,  i.e.  no  aggregates  arc  initially  present, 
and  that  they  are  in  random  motion  with  respect  to  each  such  as  ap¬ 
plies  to  a  turbulent  gas  suspension  or  to  a  mechanically  stirred 
array.  Random  motion  will  produce  collisions,  collisions  will  pro¬ 
duce  aggregates,  and  a  steady  state  will  be  reached  when  deaggioeusr- 
ating  forces  brought  to  bear  on  an  aggregate  are  equal  to  forces  of 
cohesion  holding  the  aggregate  together.  Aggregates  consisting  of 
various  numbers  of  basic  particles  can  be  formed  in  two  limiting  ways: 

1  Type  t 

Type  I  results  from  random  c  -i  lisuns  between  basic  particles 
simultaneously  in  every  volume  element  of  the  arrav,  and  continuing 
collisions  between  resulting  aggregates,  etc.  Non-uniform  packing  of 
basic  particles  results 
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2 .  Type  2 

Type  2  is  caused  h,  the  initial  formation  of  an  agglomerate  by 
l  >!  i  isi. -r.  ..t  tw.  t'«»;c  particles,  and  4.si_i_taa  i  v«  bu  lid-up  of  this  sg- 
yl.mierare  by  successive  collisions  between  it  and  individual  basic  par¬ 
ticles-  '.'nil  ursi  packing  of  basic  particles  results. 

A  schematic  representation  of  agglomerate  formation  in  both  models, 
assuming  collisions  between  two  particles  for  i 1  lustration,  is  given 
in  Fig.  i 


ii  TFr  is  the  probability  of  a  single  co!  1  is 
titles,  taken  as  equal  for  both  models,  then  the 
an  agglomerate  consisting  uf  basic  particles 

I'JhoJj] 

V,  V  0.301  ) 

1  1 

where  N.  -  21 


ion  involving  two  pur- 
probability  of  forming 
for  each  type  is: 

(1) 


i  =  array  index 


(2) 


the  ratio  of  probabilities  of  forming  an  agglomerate  of  type  1  to  type 
2  consisting  of  the  same  number  of  particles  Is  then 


R 


/  log  Ni 

VOoT 


4-  1 


(3) 


Since  P„  <  1,  it  is  seen  that  aggregates  formed  by  the  mechanism 
of  type  1  are  much  more  probable  than  those  of  type  2.  For  example, 
for  Pc  *  0  5  and  N|  *  8,  then  R  »  16;  or  Pc  «  0.2,  N,  -8  then  8  » 
625-  As  Pc  decreases,  or  Nj  increases,  R  increases. 

Hence,  the  conformation  of  what  might  be  considered  a  most  prob¬ 
able  or  representative  agglomerate  will  be  that  determined  by  proba¬ 
bilities  associated  with  type  1,  having: 

(1)  a  quati-tphericii  shape,  due  to  the  spherical  symmetry  of 
rendom  motion  of  colliding  particle*. 

(2)  five  tub-agglomerate  components,  on  the  average  being  the 
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vault  lest  number  of  colliding  pert  icles  defining  the  softer  ice  l  eywm  ry 
Each  of  these  component  sub-sgglowerete*  will  consist  of  five  ama I i *r 
sub- agglomerates,  etc  - »  ending  with  a  Sub  agglomerate  consist  sn^  of 
five  basic  particles,  which  would  correspond  to  the  first  Aggregate 
formed  in  he  initially  dispersed  random  srra> 

A  schematic  diagram  of  this  hypothetical  characteristic  aggregate 
is  shown  in  Tig.  2. 

The  largest  characteristic  aggregate  encountered  in  e  bed  of 
pre-d taper *ed  powder  will  be  that  determined  by  the  magnitude  and  ef¬ 
ficiency  of  application  of  the  disrupting  stress  during  the  powder's 
history,  schematically  represented  in  Fig.  2.  The  process  of  aerosol 
generation  then  can  he  considered  as  a  sequential  process  of  breaking 
an  agglomerate  of  type  1  into  its  component  sub-agglomerates ,  etc., 
until  either  stable  sub-agglomerate  or  basic  particles  are  dispersed. 
An  important  property  of  the  sufc-agglomerate  hypothesis  is  the  decrease 
in  numbers  of  contacts  per  unit  area  betveen  component  particles  as  the 
agglomerate  increases  ir,  size,  i.e.  as  the  agglomerate  gets  larger,  its 
shear  strength  or  tensile  strength  gets  smaller.  This  would  not  be  the 
case  for  agglomerates  of  type  2  formation. 

B .  Dlsru  ■  • ion  of  agglomerates  by  aerodynamic  drey. 

In  general,  mechanical  forces  capable  of  deaggl water  at ing  particles 
arise  in  seven  ways  in  a  compressible  flow  system. 

1 .  Impact  of  particles  with  fluid  flow  boundary  wails  due  to 
vorticity  of  Che  particles'  motion.  This  could  result  from  high-order 
turbulence  in  the  fluid  flow  system,  or  centrifugal  force  applied  to  a 
particle  as  a  result  of  its  motion  in  a  laminar  vortex.  The  average 
velocity  of  the  particle  in  this  system  would  be  in  general  parallel 
to  the  impact  surface 

2.  Impact  of  particles  with  each  other 

3.  Centrifugal  disruption  of  a  particle  due  to  rotation  about 
its  own  axis. 

4.  Pirect  impact  with  a  fixed  bounding  surface,  not  requiring 
vorticity.  v  -re  the  average  velocity  vector  of  the  particle  inter¬ 
sects  the  impact  surface. 

5.  Friction  drag,  or  shear,  resulting  from  velocity  gradient* 
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Figure  2,  Cro»»-Section  Schematic  of  "Probable"  Quaal-SpherlcaS 
Agglomerate  and  Meehan l ao  of  Deaggiomeret ton. 
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in  a  viscid  fluid  syscesi',  and  form  drag,  or  pressure. 

6,  Inertia,  causing  preferential  acce lerat ion  by  dreg  forces 
eeting  unevenly  over  particles  in  contact  and  coapoaing  an  aggregate . 

1.  Explosive  decojapcgaaion.  of  an  agglomerate  containing  trapped 
air  in  its  void*  if  surface  pressure  i«  rapidly  reduced,  Ibis  effect 
can  theoretical 5y  exist  for  a  spherical  aggloaerate  under  drag  in  a 
free  ftreasi. 


For  the  interaction  of  a  ficc,  unbounded  gas  stream  and  a  particle, 
mechanisms  (5),  (6)  and  (7)  would  predominate .  Drag  includes  both  a 
pressure  stress  and  a  shear  stress,  and  for  a  sphere  in  steady  lamissar 
flow  of  a  viscous  incompressible  medium,  or  for  a  compressible  medium 
at  Mach  <  0.3,  these  stresses  are  normal  to  each  other  and  normal  and 
parallel  to  the  surface  respectively^.  The  resultant  drag  force 
under  these  conditions  is  parallel  to  the  direction  of  motion,  and  is 
given  by  Stokes'  law  for  spheres  with  radii  >  1  u-  (lire  Cunningham 
correction  factor  to  account  for  slip  is  required  for  radii  <  1  u.) 


Ds  *■  61T7I  U  r  (4) 

U  »  relative  stream-particle  velocity 
r  «  radius  of  sphere,  or  characteristic  dimension 
J1  •=  viscosity  of  medium 

Stokes'  equation  holds  for  laminar  flow,  which,  for  a  sphere,  requires 
a  Reynolds  number,  <  1 


R- 


f  V-r,  .  s 

n 


(5) 


p  «*  density  of  medium 


A  general  fxpression  for  the  drag  or  resultant  force  on  a  par¬ 
ticle  of  any  shape  in  either  incompressible  or  compressible  media  for 
either  turbulent  or  laminar  flow  has  been  formulated  in  term*  :.r.  a 
drag  coefficient.  Drag  acts  on  a  particle  in  direction  ut  relative 
motion  of  the  medium  with  respect  to  the  particle. 


D 


2 

<°  V  s 

*2 


V  *  free  stream  velocity 

$  »  projected  ares  of  body  normal  to  stream 
*  drag  coefficient 

P  *  density  of  medium  at  particle  surface 


(6) 
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Itie  dug  coefficient  1*  *  function  of  shape  and  Reynolds  number, 
and  for  irregular  shape*  ia  empirically  determined^'*  .  A  function  re¬ 
lating  Cf,  and  R  for  spheres  over  the  range  of  0  <  R  <  2000  has  been 

(33  *  ~ 

derived  by  lamgwuir  with  average  deviations  from  experiment  tally  de¬ 
termined  values  of  less  than  4%. 


,  n  61  -4  1  18 

C  R  /  24  «  1  4  0.19?  K  '  +  2.6  x  10  K  i-JO  (6! A 

D  e  e  e 

If  a  particle  is  free  to  conform  to  an  external  pressure  stress 
over  its  suriaee,  its  shape  vi.il  be  altered  if  the  resultant  seres*  is 
not  uniform  in  magnitude  and  direction  over  every  region  of  the  surface 
It  can  be  shown  that  particles  obeying  Stokes1  lav  are  not  distorted. 
However,  particles  accelerated  in  compressible  media  do  experience  non- 
uniform  as  well  as  son-symmetrical  pressure  stresses,  and  aggregates  of 
particulate  solids  or  liquid  droplets  will  deform  during  acceleration 
if  the  magnitude  of  the  stress  exceeds  the  tensile  stress  or  surface 
tension  pressure  of  the  respective  particles. 

For  a  sphere  under  acceleration  in  an  inviscid  fluid  at  rest  at 

infinity,  the  surface  pressure  distribution  ss  derived  fro®  a  velocity 

(43 

potential  can  be  shown  to  be 

p  -  p 

—3 — ~  «  ft  r  Cos  8^  +  j  U*  (9  Cos2S  -5)  (?) 

r  2  dt  s 

where  r  =  radius  of  sphere 

6  »  angle  measured  positively  from  flow  axes  from  stagnation 
point 

U  *  velocity  of  sphere  in  inertial  frame  of  reference 
F  «  pressure  on  surface 
P ^  »  stagnation  pressure 

t  «  time 
2 

Since  the  Cos  9  term  is  symmetrical  about  Che  axis  or  motion,  the  pres¬ 
sure  distribution  contributing  to  drag  is: 


Cos 


i  8) 


Equation  8  is  plotted  in  Fig  3  for  the  case  r  •  12  ►.  and  an  iiutis. 
Mach  0  1  relative  particle  free  stream  velocity  at  atmospheric  pres¬ 
sure  At  Mach  0  1,  compressibility  effects  are  negligible.  From 
Newton’s  sei  one!  law  and  Equal -on  t> 


dU 

dt 


2 


(9> 


p  «  particle  density 

The  radial  pressure  distribution  of  Equation  S  is  asynsne  Cr  ica  I  and 
non-uniform,  thereby  contributing  to  acceleration  of  the  part  re  ie  m  an 
inertia]  frame  and,  tc  some  extent,  to  flattening  of  a  particle  in  the 
direction  of  relative  fluid-particle  motion  due  to  unequal  acceleration 
of  its  fore  and  aft  surfaces. 


Ttie  second  term  in  Equation  8,  however ,  for  the  conditions  of  flow 
defined  above,  is  greater  than  Equation  8  by  orders  of  magnitude,  arid, 
although  nor  contributing  CO  drag  because  of  its  symmetry,  does  have 
the  effect  of  producing  greater  particle  distortion  in  a  body-fixed 
frame  of  reference.  This  ’'deforming”  pressure  distribution  is  plotted 
in  Fig.  4.  It  is  seen  that  the  minimum  pressure  is  sub-atmospfic-r  ic  at 
9  >  90°. 

A  rough  estimate  of  the  rate  of  deformation  of  flattening  for  the 
case  under  consideration  can  be  made  by  the  following  considerations: 
Consider  a  unit  area  on  the  surface  at  8.  Ttien  acceleration  of  the 
surface  of  an  incompressible  inviscid  sphere  in  a  body-fixed  frame  is 
given  by 

2  2 

(P  -  P  )  «  (9  Cos2@  -5)  *  P  (10) 

o  B  a  d(.2 

p ^  ■»  surface  density  of  particle 

X  ■  radial  distance  moved  by  surface  element,  9  constant 

giving 

Xg  -  (9  Cos2e  -5)  t2  (11) 

^s 

but 

«  r0  -  r 

r0  »  initial  spherical  radius 
r  »  distorted  radius 

o  •  A 

Hence,  for  9  »  0  and  Xg  »  rQ,  then  t  »  4.5  x  IC  sec.  Or,  for  9  » 

90“  and  t  *  4-5  x  10~4  sec,  then  r6  »  90°  »  |  r0  or  the  sphere  tends 
to  develop  into  a  crenated  disc  with  a  125Z  Increase  in  radius.  The 
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relative  fluid 

VELOCITY 


Figure  4.  Initial  Deforming  Pressure  Distrlbut 


« 


pressure  distribution  will  approach  that  over  a  disc  with  its  plane 
normal  to  flow-  This  pressure  distribution  over  the  leading  surface 

,  t  (5^ 

is  giver,  by 


¥  * 
r 


(12) 


where 


r  =<  radius  vector 


F0  »  stagflation  pressure 
tt  «  constant 


Cavitation  will  tend  to  develop  behind  the  sphere  as  it  distorts,  pro¬ 
ducing  an  asymmetrical  pressure  distribution,  and  thus  will  further  in¬ 
crease  the  drag.  Hence,  when  deformation  of  the  sphere  begins,  disrup¬ 
tion  will  result  if  the  applied  stress  is  maintained. 

The  aerodynamic  pressure  stresses  and  viscous  shear  stress  would 
then  probably  play  the  following  sequential  roles  in  the  deagglomer- 
ating  process  of  a  spherical  aggregate: 

(1)  Deformation  or  flattening  of  the  sphere  by  normal  components 
of  stresses,  Fig.  5a. 

(2)  Further  deformation  due  to  normal  aerodynamic  pressure  stress 
on  the  resulting  concave  surface,  causing  continued  redid  separation 
of  the  aggregate  with  respect  ro  its  center  of  mass-  As  the  sphere 
flattens,  a  high  non-symroe Cr leal  pressure  distribution  occurs  chat 
will  further  accelerate  the  particle.  If  the  pressure  stress, 
greatest  at  the  stagnation  point,  exceeds  the  tensile  strength  of  the 
aggregate,  it  will  begin  tearing  through  the  axis  of  symmetry,  Fig.  5b. 

(3)  The  tangential  shear  stress  due  to  gradients  in  the  boundary 
layer  will  produce  an  additional  radial  component  of  acceleration  of 
the  surface.  Fig  5c.  For  a  laminar  boundary  layer  (Re  3000  over  a 
disc,  this  shear  stress  is  given  by^^ 


(4)  The  inertial  force  of  the  aggregate  acts  through  its  center 
of  mass  in  a  body- fixed  frame,  Fig.  3d 

Hence,  during  acceleration  of  the  aggregate,  a  couple  is  produced 
with  radial  components.  The  net  effect  is  to  increase  the  axial  stress 
parallel  to  flow,  with  radial  acceleration  away  from  the  center  of 
mass.  [he  shear  stress  on  the  •urtace  produces  additional  relative 
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Figure  5.  Schematic  Diagram  of  Breakup  Process 
of  Quasi-Spherical  Aggregate. 
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jvtion  of  the  surface  with  respect  to  the  interior  of  the  aggregate, 
which  moves  with  a  radial  component  because  of  the  off-axis  normal 
pressure  stress.  De-agglomeration  results  from  this  relative  motion  of 
the  component  part?,  or  sub-aggregates,  away  from  each  other. 

Another  possible  factor  contributing  to  deagglomeration  is  "cavi- 
tution"  in  the  agglomerate  voids  when  the  static  pressure  on  the  sur¬ 
face  falls  below  the  ambient  pressure  inside.  A  maximum  pressure  grad¬ 
ient  for  the  potential  flow  case  considered  would  occur  at  6  *  90°, 
leading  to  an  “explosive  decompression"  radially  and  normal  to  the  rel- 
a 1 1 vc  stream  ve !  it  it v . 

THEORETICAL  AEROSOL  SIZE  DISTRIBUTIONS 

A .  Ha  themi t ic  a  1  f orm 

1.  brag- Induced  Deagg lotnerat  i on 

It  was  shown  above  that  an  agglomerate  consisting  of  snull  uni¬ 
formly  sized  basic  particles  with  non-uniform  packing  is  more  probable 
than  one  with  uniform  packing.  Further,  from  symmetry  consideration 
of  random  collisions,  a  quas i-spher ical ly  shaped  agglomerate  consisting 
of  five  sub-agglomcrates  would  be  the  rojt  probable  non-uniform  array. 
Hence ,  an  aggregate  is  considered  to  consist  of  sub-agglomerates ,  each 
in  turn  of  sub-agglomerates ,  etc.,  and  the  deagglomeration  process  to 
consist  of  breakup  of  a  particle  into  its  composing  sub-agg ' omerates 
in  a  single-cycle,  step-wise  proceed. 

An  aerosol  generated  from  a  rass  of  uniformly  sized  basic  par¬ 
ticles  wil!  have  an  upper  bound  on  its  size  distribution,  i.e.,  a 
largest  sire  will  exist,  and  all  aggregates  larger  than  this  size  will 
have  been  deagglomerated .  Deformation  of  an  agglomerate  will  probably 
take  place  when  an  applied  aerodynamic  ‘’deforming"  stress  exceeds  the 
minimum  tensile  stress  of  the  aggregate,  and  once  deformation  occurs, 
deaggl omerat ion  follows.  A  treasure  of  the  probability  of  deformation 
and  therefuie  of  deagglomeration  of  an  aggregate  into  its  sub-aggre¬ 
gates  can  be  expressed  by: 

F  *  S  “  (14) 

F 

c 

P  m  probability  >f  dengglomerat ion 

D  *  available  deagglooerat ing  force,  assumed  constant  for 
a  given  process 

Fc  *  minimum  cohesive  force  holding  aggregate  together 


2AO 


K  *  factor  of  proport ioiial i t%  ,  coos.  for  a  given 
process 


For  aerodynamic  drag. 


Alsi 


But 


D  *  8 

d  *  diameter  of  spherical  agglomerate 


F  *  0f 
c  c 

(J  =  number  of  contacts  between  sub-agglomerates  in 
plant*  through  renter  of  agglomerate 

f  *  force  per  contact  between  sub-agglomerates 


B  <n-2).« 

n  *  lumber  of  sub-agglomerates  in  each  agglomerate 
(n  *  5  as  a  probable  value) 


(6) 


> ) 


!o) 


(lb) 


And  ix  osculating  spher.jal  sub-agglomerates  where  point  contact  is 

assumed 


Tberef ore 


ik  nee 


f  *  f  . 
c  cb 

ifb  **  force  per  contact  between  two  basic  particles 


Fc  *  (n’2)3  fcb 


(17) 


(18) 


k  eD  P  u‘ 


P  -  8<n-2)d  fcI 


(19) 


Tfd 


For  ail  particles  »  lal  to  or  larger  than  the  upper  bound  on  the  aer¬ 
osol  size  clistribu  -  ion,  wh  cl;  have  been  broken  down  by  the  application 
f  the  deaggl operating  stress 


K  t/»‘ 


P  *  8(n-2) )  f 


cb 


(20) 


If  6 

u 

d  =*  upper  bound,  or  smallest  sized  aggregate  with  a 
probability  of  deagglomeration  of  unity 

And  for  a  given  deagglomerat ing  process,  characterized  by  a  constant 

drag  force 


3  i.n-2)3  i 

■j  „ - - - 

Tc  P  u2d  2 

f>  u 

K  can  be  taken  as  e  relative  measure  of 
able  specific  energy  in  the  gas  stream 
c.tion  of  the  deagg lomerat J on  stress. 


(21) 

the  efficiency  with  which  avail- 
is  utilised  in  effecting  appli- 


Combining  Equations  19  and  21,  the  probability  of  deagglomerat ing 
any  other  aggregate  of  diameter  d^  <  d^,  into  its  composing  sub-aggre¬ 
gates,  is  given  by 

.i  2 

P  *  —— r  (22) 


But 


where 


lor 


d  -  diameter  of  aerosol  agglomerates 


i  ®  index  denoting  stage  of  successive  agglomerate  break¬ 
down  ,  0 ,  * ,  2 - 


d  «*  d  *■  €. 
u  o 


(23) 


c  »  representative  number  weighted  diameter  of  largest 
particle  in  aerosol,  after  deagglomerat ion  process 
is  complete 

t  *  arbitrarily  small  number 

C  “  0  .uO‘j  d 


0.99  d 


(24) 


But  for 


n  »  5 


l+l 


Therefore 


P.  - 


0.99 


i  22i 


(25) 


(26) 


The  number-size  distribution  of  a  stable  aerosol,  after  the  dis¬ 
semination  process  is  complete,  can  be  computed  on  the  basts  f  T  ua- 
n ora  26,  25,  and  2  3  A  series  expression  with  histogram  ela:  cr- 

vals,  rather  than  «  continuous  distribution  function,  result!  ndom 

fluctuations  about  mean  values  for  each  class  interval  would  physically 
result  In  a  continuous  distribution,  however. 
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Tht  number  of  particles  in  each  size  fraction  of  the  generated 
aerosol  Is  ccmputad  from  the  difference  between  the  number  entering  a 
slii.  class  (fiom  the  size  class  immediately  preceding  It  in  the  direc¬ 
tion  of  increasing  size)  and  the  number  leaving  it  as  a  result  of  the 
next  successive  stage  in  the  deagglomeratlon  process. 

W  -  No  (i-p  ) 

1  o  o 

i-0 

Yj  «  number  particles  in  zero1*1  class  corresponding  to 
°  size  d 

o 

N0  -  total  number  of  particles  entering  class  with  d  »  d 

Simi  lar  ly 

«  «  (N  nP  -N  n  P  P.)  (28) 

'(  1  v  o  o  o  o  1 

1  -  1 

n  «  representative  number  of  sub-agglomerates  1st  an 
aggregate 

r.  constitutes  the  average  number  of  pieces  into  which  a  particle  will 
break  as  a  result  of  a  single  stage  ir.  the  deagglcmeratlor  orocess, 
taken  as  6  m  the  agglomerate  model.  H^nce,  the  general  expression 
lor  the  number  of  particles  In  the  generated  aerosol,  as  a  fine t Ion  of 
:he  deaggiomerat ion  stage,  is  i.iven  by 

Jlt  ■  »„ V2  —5.  'i  -  V  <”> 

or,  using  Equation  26  for  Pj , 


n 


N 


o 


i 


n 


2*1) 


(30) 


The  average  diameter  of  an  agglomerate  asroclate  with  each  class,  i, 
in  Equation  JO  is  obtained  from  Equation  26. 


d 


i 


(31) 


i  *0,1,  2  --- 

d,  is  determined  by  the  physical  parameters  of  the  df i  f-glomeration 
process  from  Equations  16,  20,  23 


A  continuous  cumulative  number-size  distribution  can  Tc  constructed  b\ 


v-nmng  ever  i  and  associating  Yf  t  with  sizes  of  particles  haviiv  an 
upper  class  value  of  d, .  Number-size  distributions  for  the  case  jf  j,  * 

3  atc  shown  us  Fig.  6  with  various  values  of  d  ;  as  a  parameter.  A  quasi¬ 
leg  nurnai  distribution  results  with  an  average  standard  deviation  jf 
In  •  U  i  The  slope  is  invariant  with  the  value  assumed  for  n. 

The  distribution  o  of  course  bounded  bv  d.-,  and  d  wher*  i  « 
diameter  of  the  basic  particle.  This  precludes  an  explicit  log -normal 
distribution  form  as  mathematically  inferred  by  Kolmogorof f ^  ^  for  par¬ 
ticles  resulting  from  grinding.  It  differs  significantly  from  that  of 
( 8  j 

Martin  '  and  subsequently  derived  by  Dal lava  lie,  who  found  the  number- 
size  distribution  function  in  the  case  of  fracture  to  follow  the  com- 

X 

pound  interest  law. 


[lie  transformation  from  a  cumulative  number-size  distribution  to 
a  vummulat  ive  weight  distribution  can  be  accomplished  in  two  ways. 
Constant  particle  density  is  assumed. 


1.  Assume  a  quasi-log  normal  fit,  and  use  an  overa< c  value  of 
r,  tor  the  tw<~  stra.ght-l  me  portions  of  the  curve: 

"hen 

d.  *  d*  3  ln  ^8  d  *  number  median  diameter  (33) 

c  m  c 

T  -  I.uO  ■  010  -  (34) 

.  b 

r 


d  »  i .45  d  d  »  mass  median  diameter  (35) 

mem 


2.  Make  no  assumptions  concerning  the  theoretical  ,  rm  of  the 
distribution,  and  compute  the  distribution  by 


i  *  £ 

(m) x  (n) 


(36) 


the  increase  in  slope  of  the  cumulative  number -size  distribution 

between  and  d  is  due  to  the  averaging,  effect  of  the  model,  which 

2 

precludes  non- Integra  I  changes  in  agglomerate  sizes.  For  this  large 
size  class  the  series  summation  does  not  adequately  reflect  a  continuum. 
Consequently,  me the d  number  1  for  transforming  the  lumber  distribution 


*  Ceorgia  Institute  of  Technology,  Atlanta,  Georgia.  "Studies  and  in¬ 
vestigations  of  agglomeration  and  dcagg! omerat ion  of  solid  particles, 
by  C.  Orr  ar.d  J.  M.  Dallavalle.  Semifinal  Report.  30  June  1956. 
Contract  DA- 18-065-404-CML-88 
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te  a  mass- weigh ted  distribution  is  the  more  accurate.  Variations  of 
a8B*0r’crait  density  with  size  h«.ve  been  neglected  in  the  transformation. 
d0  corresponds  to  the  9  7*  in  the  mass  transformed  distribution. 

Hence,  in  summary; 

For  number-size  distribution? 

d  *  0.21  d 
c  o 

tTg  =  1.60  *  0.1 

<i0  *  corresponding  to  the  99.99  percentile  on  a 
logarithmic  probability  plot 

For  mass-size  distributions 

dm  e  °*42  do 

t  *  1.60  -  0.01 

o 

du  *  corresponding  to  the  97.0  percentile 

A  plot  relating  the  median  size  and  the  size  corresponding  to  the  35 
percentile  to  the  represcntat ive  largest  size  present  in  the  aerosol, 
dQ,  is  given  in  Fig.  7  for  both  number-  and  mass-weighted  distribu¬ 
tions  The  vertical  lines  on  the  mass  distribution  reflect  the  spread 
of  values  between  the  two  methods  of  computing  the  ti uuoiormation .  The 
curve  corresponds  to  method  1 . 


2.  Size  Distribution  of  Particles  by  impact  Grinding 

The  size  reduction  of  basic  particles  by  impaction  grinding  under 
conditions  of  turbulent  flow  can  be  considered  to  consist  of  two  inde¬ 
pendent  mechanisms,  both  associated  with  a  probability,  and  the  proba¬ 
bility  of  breakup  can  be  computed  on  the  basis  of  the  product  of  proba¬ 
bilities  o,v  each  mechanism  occurring,  The  mechanisms  are:  impact  with 
a  surface  as  a  result  of  a  particle  leaving  s  stream  line,  and  fracture 
as  a  result  of  the  impact. 


Hence 

p  »  p  o 
rB  I  f 

P  *  probability  of  breakup 

B 

«  probability  of  impact 
-  probability  of  fracture 


(37) 
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Figure  7 .  Theoretic*!  Number  sr.d  Mass  Site  Distribution*  of 

Dry  Aerosols  Determined  irom  Maximum  Representative 
Sire ,  da  CSD  1 . k  •  0.1. 
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The  probability  uf  a  particle  leaving  a  curved  stream  line  and 
colliding  with  a  bounding  surface  is  proportional  to  the  centrifugal 
force  acting  on  the  partic le  due  t  its  ,ntr t  is  and  the  shear  dreg  op¬ 
posing  radial  motion 


P,  *  K 


*?r  ^  . 

-  i  £  / 

b  pd  L*  / 

hi  f  i  ft  n  v  a 


K  P  V  d 

— B  — _ 

:  8  K 


<3h) 


{ 39) 


R  -  average  radius  of  curvature  of  stream  lines  at 
impact  surface 

i 

K  *  constant;  of  proportionality 


The  probability  of  fracture  upon  impact  can  be  considered  proportional 
to  the  specific  energy  available  for  fracture  vor1-  and  inversely  pro¬ 
portional  to  the  specific  energy  required  for  fracture.  Particles 
undergoing  piascic  deformation  would  tend  nut  to  fracture. 

K '  '  'if  T2 

p  „  - - - - E -  (40) 

S  2E 

S  »  critical  compressive  stress  of  particle 
E  =  modulus  of  elasticity  of  particle 


Hence,  probability  of  breakup  under  impact,  using  Equation  37 
kV  V  d‘  K  '  p  i:2f 

p  ,  —.—2 _ 

8  is  r?  r  s2 


(41) 


Or  for  a  ^iver.  system 


•  »  »  o 


K  *  constant 

( ^ ) 

have  beer,  obtained  b;.  Epstein  in  support  of  Equation  ** 2  tor 
the  impact -breakage  probability  feeing  pr opor t  i ona  1  to  d*“  ,  m  contra¬ 
diction  to  a  basic  assumption  in  his  derivation  of  logr 1 thm ico* normal 
distribution  for  breakage  of  solid* 

Applying  the  same  reasoning  used  in  the  derivation  of  Equation 
30,  where,  *n  place  of  an  upper  characteristic  aggregate  size  an  ini¬ 
tial  uniform  basi^  particle  size  exists,  an  identical  distribution  of 
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numbers  of  particles  as  a  function  of  stage  in  the  breakup  process  is 
obtained.  Sizes  are  quasi-log  normally  distributed.  If  the  sines  re¬ 
lated  to  successive  stages  are  in  a  constant  ratio. 

For 


*  2,  then  or  «  1.6  t  0.1 


1  +  3 


"Hie  geometric  standard  deviation,  cf^,  depends  on  the  ratio  of  sizes 
but  is  independent,  of  r.,  the  number  ot  f rag««t+?!ts  resulting  fruei  a 
single  fracture.  For  spheres,  n  "  4 ,  or  i;  for  flat  platelets,  n  “  2, 


2 


E .  Expex  imental  observations 

i.  Aerodynamic  Deagglonseraeien 

A  major  difficulty  in  determining  aerosol  properties  is  the  ef¬ 
fect  of  the  measuring  device  on  the  parameter  of  Interest  This  Is 
particularly  true  of  devices  that  collect  a  "representative  sample"  of 

^  JQ  \ 

the  aerosol,  such  as  the  Cascade  impactor'  '  for  example.  Light¬ 
scattering  techniques,  such  as  those  of  Dlmmick '  * 1 '  and  O'Konskl'1*'^  , 
though  they  do  not  require  the  collection  of  representative  samples 
and  hence  do  noc  disturb  the  system  being  measured,  nonetheless  re¬ 
quire  careful  interpretation,  involving  a  knowledge  of  the  ineraction 
of  the  containing  chamber  with  the  aerosols,  as  well  as  interpolation 
of  light-scattering  phenomena.  A  further  complication  is  Che  inherent 
instability  of  an  aerosol  due  to  collision  processes  involving  the  sus¬ 
pended  particles,  i.e.  random  coll.sions  due  to  turbulence  or  Brownian 
( 1 3) 

motion 

One  *3'Stem  that  tends  to  minimize  sampling  and  interpretation 
problems,  and  that  is  suited  for  aerodynamic  aerosol  generation  studies, 
has  been  found  to  be  the  Sharpies  Microoerograph  .  Designed  for 

small  quantities  of  material  (<  50  mg)  it  measures  a  cumulative  mas* — 
Stokes’  drag  diameter  distribution  of  the  entire  aerosol,  and  has  been 
found  satisiactory,  with  careful  handling,  foi  the  determination  of 
particle  aizes  >  1  n  d.  It  operates  on  the  principle  of  aerodynamic 
drag,  subjecting  a  small  mas*  of  powder  to  a  ateep-fronted  aonic  air 
blaat  at  controllable  stagnation  pressures.  The  particulate  solids 
entrained  in  the  aonic  flow  pass  through  en  expanding  conical  orifice 
or  nozzles  of  special  design,  and  Che  steady-state  aerosol  is  measured 
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by  a  continuous  cumulative  weighing  of  particle*  that  have  settled  ac¬ 
cording  to  Stoke*'  Law,  Fig.  8. 

* 

On*  series  of  studies  on  the  effect  of  gas  density  on  breakup 
with  the  SUerotaerograph  used  a*  the  test  powder  Serrat  la  Mrctscjns,  a 
ground,  freere-dr ied  vegetative  microorganism  contained  in  an  inert 
crys  tall  Ine- i  f  fce  ftatriR.  It  had  a  mass  median  dialler,  da:,  »  4.1  u 
and  a  geometric  standard  deviation  of  »  1.6. 

Similar  studies,  using  capillary  tubes  as  dispersing  nozzles, 
were  conducted  by  Orr  and  Baliaval  with  1.3  u  HMD  S.  marcescens 

product  .  lire  basic  size  distributions,  though  not  cns-.isrfsir.g  to  that 
strictly  required  of  the  model,  i.e.  homogeneity  of  sire,  small  median 
diameters  and  geometric  standard  deviations.  The  characteristic  basic- 
particle  size  for  the  heterogeneous  distributions  would  correspond  to 
the  average  volume  diameter,  the  mass-size  distribution  data  obtained 
from  both  these  studies,  for  a  range  of  stagnation  pressures  of  50  pslg 
to  400  paig,have  been  compared  with  the  aerodynamic  aerosol  generation 
model  presented  above,  in  an  attempt  to  correlate  compressible  flow  and 
particulate  solid  properties  with  the  aerosol  size  distribution 
as  follows: 


On  the  basis  of  the  model,  the  absolute  size  distribution  is  de¬ 
fined  in  terms  of  d0,  the  representative  largest  agglomerate  present 
in  the  aerosol.  This  value  in  turn  is  related  to  the  particle  proper¬ 
ties  and  compressible  flow  properties  by  Equation  32. 


8  f  f 


cb 


V/A 


(k  7T  Cd  P  V‘ 


(32) 


All  quantities  with  the  exception  of  K  are  either  measured,  calculated 
or  inferred  from  the  model. 


a.  d0,  maximum  measured  representative  agglomerate  size,  cor¬ 
responding  to  the  97  percentile  on  a  mass  weighted  basis. 

b.  f  g,  the  force  of  cohesion  between  sub-aggregates  Assuming 
point  contact,  this  is  equal  to  the  force  between  basic  particles.  A 
minimum  value  for  this  force  has  been  obtained  from  bulk  tensile 
strength  m< isurenents  of  £.  marcescens  powder,  assuming  close  packing 


★ 

Bures,  M.  G. 


J  S.  Derr,  unpublished  data. 
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* 

of  basic  particles  .  Bulk  tensile  strengths  arc  of  the  order  of  2000 
*> 

dynes,  cm*  for  »  packing  fraction  of  "-•'0.20. 
f  ^  >_  X  8  s  10  4  dyne 

c.  U,  gas  velocity,  sonic  at  the  powder-gas  interaction  rate. 

d .  p,  gas  density,  computed  for  isotropic  flow  at  Mach  1,  for 
the  various  stagnation  pressures. 

e.  Cjj,  drag  coefficient  computed  on  the  basis  of  Reynolds  num¬ 
ber,  with  d0  as  the  characteristic  dimension.  Values  ranged  from  0.38 
to  0.30. 

f.  g,  number  of  contacts  between  sub-aggregate*  For  tv.  *»  3 
(5  =  9,  assuming  close  packing. 

Values  of  %/ k  were  calculated  using  Equation  32,  and  a  mean  was 
determined  for  all  experimental  conditions,  with  the  95  confidence  in¬ 
terval  on  the  mean  expressed. 

g/k  «  2.2  s  to"  (i  0.5  *  1G4  957*  C.I.)  (43) 

Using  this  value  of  g/k,  theoretical  mass-sire  distributions 
were  computed  using  Equations  30,  31,  32  for  the  values  of  gas  density 
used  in  the  experiments.  A  mean  value  of  Cg  *  0.43  was  also  used,  and 
sonic  flow  assumed. 

A  comparison  of  the  theoretical  distribution  with  experimental 
average  values  is  given  in  Table.  1.  The  experimental  geometric 
standard  deviation  is  a  mean  of  the  50,16  and  84 .50  percentiles,  as  is 
the  theoretical  GSD.  The  agreement  is  close,  considering  the  variety 
of  conditions  over  which  0.-X  was  computed  and  the  departure  from  exper¬ 
imental  conditions  of  the  model  assumption  of  homogeneity  of  basic 
particle  size.  General irst ion,  however,  cannot  be  inferred  from  the 
specific  absolute  value  of  (S/k  obtained  from  these  experiments  without 
additional  work  with  other  powders.  As  the  mass  median  diameter  of 
the  basic  heterogeneous  particle  size  distribution  increases,  measured 
values  of  fi,  k  for  s  given  f c ^  would  increase,  reflecting  a  larger  ap- 

parent  dD  than  a  homogeneous  model  would  predict.  What  is  perhaps  of 

f  .g 

interest  is  the  apparent  constancy  of  the  ratio  „.^Si  «  4  under  the 
conditions  studied  for  the  S.  marcescens  material. 


a 

Derr,  J.S.,  M,  G.  Burea,  G.  Gordon,  u.iptibl iahad  data. 
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TABLE  1  Absolute  mass-size  distribution  of  Serrat ia  marcescena 
powder “S jt?ic  deaggiomeratfosn  model 
compared  with  experiment 


S  tagr.a  t  ion 
pressure 

"4.1" 

S.  t&srtescefss 

"3.3" 

S .  warca scans 

Theory 

50  psig 

d  * 
m 

7.4  u 

9.0  u 

11.5  t  3.2*  u 

& 

A 

1  .61 

1.25 

1.60  r  0.1 

100  psig 

d  * 
m 

7.4 

9.0 

8.3  t  2.0 

c r 
g 

1  .68 

1.67 

1.60  t  0.1 

200  psig 

d * 

JB 

6.? 

6.9 

6.1  i  1.5 

°g 

1  .60 

1.71 

1 .60  ±0.1 

300  psig 

d  1 

IP 

6.3 

5.8 

5  ;  i  1.4 

°g 

5  .58 

1.62 

1 .60  ±  0.1 

400  psig 

d  * 
a» 

5.8 

4.3 

6.5  i  1.1 

*u 

1.51 

1.54 

1.60  t  0.1 

*  95%  confidence  interval, 

i  Mass  median  diameter. 

Nozzles:  Conical  deagglomerator ,  3  tubes  1/2"  L  x  0.18",  0.08”, 
0.04"  ID. 


.  j 

Values  for  both  fl  and  fc^  are  minimal.  Therefore,  k  is 

maximal . 

K'1  i  2.4  x  105  ±  (0.6  x  10 3) 

K  '  is  analogous  to  the  critical  Weber  number,  Wec ,  for 
liquid  droplet  instability  under  aerodynamic  drag^^’^®^. 


\ 
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>  3  to  10 


(44) 


» 


P  r 
er 


5  »  drag  pressure 
r  *  drop  radius 
er  «  surface  tension 


The  apparently  high  ratio  of  magnitude  of  K  Vwec  may  well  1st; 
due  to  the  uncertainty  of  the  l'cj,  for  which  a  islr, icuuBi  value  has  been 
measured.  The  presence  of  3C  u  ti  aggregates  in  the  cleavage  plane  of 
the  tensile  strength  weasurem,  ..La  mentioned  above  would  aii<=w  -  1"?- 
fold  increase  in  f  jj  and  result  in  We  “  K*  *  .  Further  work,  however, 
i*  required  to  clarify  this  comparison  with  liquid  droplet  breakup. 

Mass-size  distributions  determined  by  che  Hicromerograph  tech¬ 
nique  tor  a  variety  of  other  powders  have  been  compared  with  the  shape 
predicted  by  the  model,  i.e.  quasi-log  normal  distribution  with  a  geo¬ 
metric  standard  deviation  of  1.6  t  0.1.  These  are  shown  ir  Fig.  9. 
For  those  powders  with  basic  mass  median  diameters,  <  u  as 
determined  either  by  optical  sizing  or  with  the  Whitby  Centr  luge 
technique  19 , 20) <  agreement  with  prediction  is  good.  Sociura  fluor- 
es-  -in  and  sulphur  aerosols,  characterized  by  dn  >  H  p  and  basic 

>  2,  depart  from  the  model.  Theoretical  curves  were  fitted  to  the 
exper iteental  ones  at  the  median  diameter 

For  those  powders  conforming  to  the  model,  fcf,P/K  was  computed 
from  Equation  32  for  sonic  flow.  The  results  are  given  in  Table  2, 
Interpretation  of  these  data  must  watt  further  work  on  measurement*  of 
fclj.  It  Is  interesting  to  note,  however,  that  there  is  order  of  mag¬ 
nitude  agreement  for  che  various  types  of  solids,  and  in  the  case  of 
magnesium  silicate  close  agreement  in  the  values  despite  the  large 
difference  in  stagnation  pressure.  Since  fc^  and  B  are  properti.-s  of 
the  powder,  and  fcbfS/K  approximately  equal  for  the  two  presaures,  K*' 
should  be  equal  and  therefore  independent  of  gas  density.  The  earae 
conclusion  is  reached  in  the  absolute  size  distribution  correlations 
discussed  above  for  che  S.  marcescens  powder.  Hence,  it  may  not  be 
unlikely  that  K  *  has  the  same  significance  in  solids  aerosol  dlasem 
(nation  that  the  critical  Weber  number,  Wt ,  1  for  liquid  aerodynamic 
breakup 
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2.  Fluid  Energy  Mill  Grinding 

Grinding  by  «  fluid  energy  mill  is  one  effective  way  of  reducing 
the  basic  particle  sire  of  solids.  In  a  sense,  a  fluid  energy  Kill 
can  be  considered  a  special  type  of  solids  aerosol  generator,  where 
high  impact  efficiency  and  shear  .ores  are  made  possible  through  large 
energy  inputs.  The  larger  tensile  or  shear  strength  of  basic  par¬ 
ticles  as  compared  with  basic  particulate  agglomerates  requires  in¬ 
creased  energy  and  efficiency  for  grinding  as  compared  with  deagglom¬ 
eration.  For  example,  for  S.  atar casters  powder  the  basic  solid  shear 

7  2  -i 

strength  is  of  Che  order  of  1C  dynes  cm  as  compared  with  2  x  1 0 -* 

2 

dyne#,  cm  for  the  bulb  powder  tensile  strength  of  A  „  dw  product. 

8y  controlling  fluid  energy  grinder  parameters,  it  ig  possible 
Co  reduce  basic,  particle  sire  in  an  empirically  control  led  way  for  a 
given  material.  Results  of  such  a  study  with  the  freeie-dr ied  S.  aar - 
cescens  powder  are  shown  in  Fig-  10l^‘V  This  material,  characterised 
by  crystalline  structure  and  a  high  bulk  modulus  of  elasticity,  is 
readily  grindable.  The  basic  particle  mass-sire  distributions  shown 
in  the  figure  were  determined  bv  use  of  the  Whitby  centrifuge  tech¬ 
nique,  representing  chat  of  the  completely  deagglomerated  powder. 

Curve  A  resulted  from  an.  initial  bail-miiiing  operation,  producing 
particles  with  platelet  shape  having  a  character isi ic  thickness  of 


25? 


5  Powiat  • ,  rfiow  distributions  ere  shown  in  curves  SC  and  D  of 

fig  10,  were  obtained  by  the  further  fluid  energy  mill  grinding  of 
thi*  bai ' -®t 1  led  product,  using  different  values  of  the  grinder  para¬ 
meters.  Hi#  exp«rt®ental  data  are  fitted  to  the  model  predictions  at 
the  swdian  value,  and  it  is  seen  that  logarithailco- normal  isass-size  dis- 
cr  1 button*  with  a  geometric  standard  deviation,  o r.  of  16  *  0.1  are 
obtained,  as  inferred  by  the  discussion  in  the  Section  entitled 
"Thaoratlca!  A*r=*=!  Sl*e  pistribut ions".  Part  A,  2 

OISCC'SSIOK 

Kodels  leading  to  the  prediction  of  initially  generated  particle 
aLie  diatr  i^na  of  particulate  solid  aerosols  and  ground  powders 
have  keen  developed  for  the  aerosol  case,  a  homogeneous  distribution 
of  basic  particles  is  assumed,  although  powders  with  sa*all  median  di¬ 
ameters  and  standard  deviation*  afford  working  approximation*.  Data 
with  aufh  powders  have  been  obtained  for  sonic  deaggiwserat  ion ,  using 
tht  Hicrwiierogreph  under  a  variety  of  compressible  flow  conditions. 
Under  the  conditions  studied,  data  Have  been  found  to  support  the  model 
predictions  for  the  shape  of  the  silt  distribution,  i.e.  quasi-lag 
normal  with  ffj.  of  1  t>  *  0 .  ! 

For  powders  having  tisedian  diameters  ’  arge  compared  with  aggre- 
gate  sizes,  and  also  widely  heterogeneous,  <3^  --  i  ,  distributions  do 
not  conform  to  those  of  the  model-  Also,  the  distributions  predicted 
by  the  model  will  not  apply  to  aerosols  that  have  undergone  signif¬ 
icant  amounts  of  coagulation,  sedimentation,  or  diffusion,  after  the 
initial  processes  of  generation  are  complete.  Further,  if  In  the 
generation  or  grinding  process,  probabilities  for  interaction  with 
breakup  stress  are  weighted  in  favor  of  certain  sire  fractions,  the 
basic  premise  of  equal,  access  to  the  stress  by  all  particles  is  contra¬ 
dicted,  and  the  model  wviuic  not  apply  For  example,  if  Pj  is  the 
probability  that  a  particle  subjected  to  a  constant  sress  breaks  up  in 
a  fixed  t  iaie  interval,  &z  ^ ,  then  the  probability  chat,  it  will  break 
up  in  £V  sCitj  *  tj  is  given  by 

t , 

P,  -  1  -  fl-P.i  *  (W) 

*  t 

'  l 
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Absolute  size  distribution  predictions,  based  on  particle  prop¬ 
erties  and  dynamic  properties  of  the  compressible  flow  disseminating 
system,  were  successful  within  the  accuracy  of  model  for  the  one  pow¬ 
der  tested  end  or.  a  single  scale  of  ills  semination  .  In  this  study, 
there  is  indication  that  a  generally  applicable  number,  K'1,  may  apply 
for  aerodytsassic  breakup  of  solids,  similar  to  the  critical  Weber  num¬ 
ber  for  liquid  drop  instability.  An  upper  bound  on  the  number  was  ob~ 
rained.  More  research  on  basic  particle  contact  forces  and  bulk  ten¬ 
sile  strengths  of  powders  will  ba  required  to  establish  the  validity 
of  this  concept,  however.  It  mav  also  be  found  that  K'*  is  a  function 
of  the  compress! bie  flow  system,  involving  the  length  of  tics*  an  aggrc 
gate  of  basic  particles  is  subjected  to  the  deaggloaerating  stress. 

For  friable  solids,  characterized  by  a  quasi-crystalline  struc¬ 
ture,  low  shear  stress,  and  high  elastic  modulus,  grinding  data  have 
been  obtained  supporting  the  concept  that  grinding  probabilities  are 
proportional  to  the  square  of  the  particle  diameter.  In  no  senae  can 
this  be  applied  universally  to  all  solids,  however.  For  example,  an 
increase  in  size  of  particles  of  Kaolinite  (refined  Devon  China  ciay) 
has  been  observed  during  bal  t-asi  1 1  ing^22  »^3)  .  Further,  white  blasting 

sand  demonstrated  an  increase  in  particle  size  as  a  result  of  dry 

grinding  by  mortar  and  pestle'24^  .  For  material*  of  these  types,  at 
least,  a  suitable  grinding  mo  el  would  have  to  predict  fusion  of  basic 

particles  instead  of  fracture  at  some  point  in  the  grinding  process. 
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D1SCUSS10H 

Wuiochuv:  Would  you  make  a  t  .ament  ._■«  the  problem  of  satellite 

production  with  the  spinning  disc". 

Derr :  Satellites  were  not  predicted  according  to  the  theory  of 

Lord  Kavleigh,  although  "he  discussed  them.  They  do  exist,  along  with 
the  main  drops,  in  spinning  disc  atomization,  and  elimination  of  them 
poses  a  probicfc.  Attempts  have  been  made  to  utilize  secondary  air  ex¬ 
haust  to  isolate  the  sitter !  ilea ,  Since  they  are  smaller  than  the  main 
drops  they  slow  down  faster,  and  consequently  can  wafted  out  of  the 
way  by  relatively  slow  velocity  air  stream. 

Diaaalck :  Can  you  predict  satellites  from  liquid  suspensions? 

Derry  So.  This  paper  treats  the  breakup  of  solid  particle*. 
(Lord  Rayleigh  in  his  paper  "On  the  Capillary  Phenomena  of  Jets",  Proc 
Roy.  Sot.  29,  1879,  qualitatively  discusses  satellites  on  pp.  88,  89 
A  further  discussion  of  satellites  can  be  found  in  "Injection  and  Com¬ 
bustion  of  Liquid  Fuels",  Bat  telle  Memorial  Inst.,  March  1957,  WABC 
Tech.  Sept,  56-344,  ASTIA  Doc.  A0  118142.)  I  might  add,  however,  that 
droplet  production  with  a  "vibrating  reed",  which  has  a  similar  basic 
mechanism  to  that  associated  with  a  spinning  disc  Involving  the  rupture 
of  a  filament,  is  free  of  satellites.  lit  spinning  disc  atomization  a 
filament  of  liquid  moves  from  the  disc  edge  under  centrifugal  acceleration, 
and  when  the  product  of  its  mass,  square  of  tangential  velocity,  and 
Inverse  radius  of  rotation  exceeds  the  product  of  surface  tension  and 
filament  circumference,  the  filament  breaks,  producing  the  main  spher¬ 
ical  drop;  the  portion,  of  the  filament  attached  to  the  disc  collapses, 
breaks  at  the  disc,  and  forms  a  smaller  droplet,  or  satellite.  With 
the  ’'vibrating  reed"  technique,  a  small  wire  dipt  into  a  reservoir  of 
liquid,  at  a  fixed  frequency,  forming  a  filament  which  breaks,  pro¬ 
ducing  the  mein  drop.  The  filament  does  not  break  again  at  the  reser¬ 
voir,  and  no  satellite  is  formed.  (See  "Study  of  Vibrating  Seed  in 
the  Production  of  Smell  Droplets  ar.d  Solid  Particles  of  Uniform  Size", 
Wolf,  W.  R. ,  Rev.  Scientific  Instruments  3£(10):  1124-1129,  October 
1961.) 
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VY7i'lr Is  it  possible  chat  the  ruptured  filament  producing  the 
drop  (with  the  vibrating  reed)  corresponds  to  the  portion  of  the  fila¬ 
ment  producing  the  satellite  with  the  spinning  disc,  and  that  the 
primary  particle,  as  associated  with  the  spinning  disc,  is  stuck  on 
the  end  of  the  reed  and  does  oof  cense  off? 

Derr:  Yes,  that  is  because  the  reed  is  always  wetted. 

Vftf:  And  the  vibraring  reed  utilizes  satellites  instead  of 

pr  isiary  particles,  which  go  marching  off  at  they  please, 

Thurston:  In  the  contest  of  your  paper,  is  the  treatment  based 

on  ground  round  particles’.'  Are  you  assuming  that  ground  particles  are 
round,  or  can  the  distribution  of  shapes  be  random? 

Derr :  For  purposes  of  ease  of  computation,  Dr.  Thurston,  we 

assume  spherical  basic  particles,  although  this  is  not  necessary;  it 
could  be  any  small  particle  as  long  as  It  is  characterized  by  the  same 
average  size. 

'ftiurstsn :  But  if  you  have  a  random  distribution  of  particles, 

you  are  going  to  have  entirely  different  surface  characteristics  than 
those  assuming  perfect  spherical  particles. 

Derr :  Yes.  "Hie  aggregates  would  certainly  not  be  perfectly 

spherical,  this  we  know;  but  on  the  average  they  might  have  quasi- 
spherical  symmetry. 

Thurston:  What,  If  anything,  has  ever  been  done  in  actually 

making  particle*  in  the  i-5  u  range  by  spray-drying  particles  of  that 
size  using  hot  air  for  aerosol  dissemination? 

Derr:  This  has  beer.  done.  Particles  produced  In  this  way  would 

be  the  basic  particles  that  I  have  assumed  in  the  model,  not  the 
aggregates.  Of  course,  these  basic  spray  dried  particles  are  beauti¬ 
fully  spherical. 

Thurston :  How  do  they  agglomerate?  In  a  manner  of  polystyrene? 

Derr :  Polystyrene  latex  would  be  an  example  of  this, 

Thurston :  Then  it  is  a  liquid,  not  a  solid?  You  are  making  an 
emulsion  then;  a  suspension? 

Derr :  Essentially.  These  are  dried,  and  would  be  dispersed  as 

a  dry  aerosol;  but  we  have  tried  spray-dried  S,  marcescens  and  these 
particles  also  can  be  disseminated  in  the  same  ua  y . 

Th u r s t o n :  Would  there  be  any  difference  between  polystyrene  and 
a  bacterial  organism?'  In  the  one  case  you  have  a  straight  hydrocarbon 


*  VFTF  *  Voice  from  the  Floor. 


type  of  material,  in  the  other  esse  you  have  polypeptides,  proteins, 
lipids,  and  so  forth.  There  ought  to  be  i  lot  of  difference  in 
hydrogen  bonding  and  other  ititeroclecular  forces.  Is  there? 

Derr:  This  difference  in  surface  chemistry  would  bring  out  the 

differences  in  contact  forces  and  energies  between  the  basic  particles, 
■which  are  controlling  paraaeters.  There  are  dif Terences  among  the  dif¬ 
ferent  materials.  For  example,  you  saw  an  acrylic  resin  here  which  ia 
an  example  of  a  plastic,  and  B-  g l o  h 1 g  t  j.  which  would  be  an  example  of 
a  fairly  smooth  and  qua*  1-spher ical  biological  material. 

Thurston-.  How  does  relative  humidity  (RR>  come  into  your  pro¬ 
ject  ion? 

Derr :  RH  would  essentially  Influence  again  the  force  of  cohe¬ 

sion.  RH  will  do  two  things.  It  would  allow  the  possibility  of  the 
adsorption  of  a  water  monolayer  at  the  interface  between  Che  two  par¬ 
ticles.  If  this  layer  should  build  up,  it  could  contribute  to  a  sur¬ 
face  tension  force  of  cohesion.  Ibis  could  happen  because  the  curva¬ 
ture  of  the  surface  is  negative,  and  tile  vapor  pressure  on  the  particle 
surface  «c  the  air-water  interface  would  be  lower  than  the  ambient 
vapor  pressure.  So  at  any  appreciable  humidity  you  would  get  a  con¬ 
densed  water  layer.  Sow  the  second  thing  would  be  the  influence  of 
Humidity  on  the  matrix  material  of  the  basic  particle.  If  this  were 
hygroscopic  and  the  particles  were  in  contact,  »  fusion  could  take 
place  which  could  exceed  the  area  of  fusion  predicted  by,  for  instance, 
van  der  Walls'  attraction  for  perfect  spheres.  Ihere  would  be  diffu¬ 
sion  of  the  material  from  one  particle  to  another  and  actual  bonding 
could  occur.  This  has  been  noted. 

Thurston :  In  other  words,  it  would  result  in  greater  difficulty 

In  deagglomeration? 

Derr:  Yes. 
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IN  RELATIVE  HUMIDITY 


M  T.  Hatch  and  R  L.  Dlmnaick 
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Airborne  microorganisms  are  often  subjected  to  rapid  fluctuations 
of  relative  humidity  ;RH)  and  temperature  in  their  natural  environment. 
The  influence  of  such  changes  on  the  viability  of  airborne  bacteria 
has  not  beer  extensively  investigated.  Results  of  studies  conducted 
under  conditions  of  unchanging  RH  have  suggested  that  death  is  pri¬ 
marily  attributable  to  alteration  in  cellular  or  molecular  structure  of 
proteins  resulting  from  lehydration  (Kethley,  Fincher,  and  Cown,  1957; 
Ferry,  Brcvr.,  and  Dammon,  1958;  Webb,  1960). 

To  studv  this  problem  we  subjected  aerosols  of  Sarclna  lutca  and 
Serratia  marceacene  to  a  sudden  change  in  RH  at  a  constant  temperature 
and  pressure  in  a  Dual  Aerosol  Transport  Apparatus  (DATA),  consisting 
of  two  of  the  units  described  by  Leif  and  Hebert  (1951).  Airborne 
ceils  were  first  allowed  to  equilibrate  at  a  given  RH  for  about  5  min 
and  were  then  either  subjected  to  dilution  with  air  at  the  same  or  at 
a  different  RH  The  change  in  "rate"  of  death  of  bacteria  was  examined 
m  the  first  (primary)  condition  and  the  second  (diluted)  condition. 

MATERIALS  AND  METHODS 

Organisms  and  Preparation  of  Spray  Suspensions . 

Cells  of  S .  marecseens ,  strain  8  UK,  were  grown  in  either 
modified  Bunting's  medium  (Dimmick,  Heckly,  and  Hollis,  1961)  at  1,2 
strengtt.  or  ir.  trypt  tease  soy  broth  (BBL)  .  Only  third-pass  cultures 
of  ceils  cultivated  21-1  2  hr  at  31  C  on  a  rotary  shaker  were  studied. 
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Usually,  cell  populations  were  chilled  at  4  C  for  IS  min  and  im¬ 
mediately  diluted  in  thaii  respective  growth  fBadiua  to  concentrations 
containing  fr«#  2.8  *  10“'  to  8.5  x  10^  viable  organisms 'ml  end  then 
held  *t  4  C  until  they  could  be  aerosolized.  Suspensions  of  cell*  in 
the  complex  aediu®  contained  0.1%  silicone  added  to  control  foaming 
Although  cultures  were  ato-nized  usually  without  removing  spent,  needium 
constituent*,  In  some  experiment*  ceils  were  washed  three  ciates  in, 
and  sprayed  frc?«a,  0.1  H  phosphate  buffer  pH  7  0.  Unless  otherwise 
noted,  three  aerosols  were  disseminated  each  day  tress*  a  single  spray 
suspension.  The  first  aerosol  contained  popu ;  a  tions  of  cells  ordi¬ 
narily  atossizsd  within  60  ssirs  after  the  growth  period  The  ttf?!"  nr iff 
third  aerosols  contained  cell*  aged  at  4  C  for  approximately  3  hr  end 
5  hr,  respectively. 

Suspensions  of  S.  lutes  were  produced  from  cultures  grown  in 
heart  infusion  broth  (Qifco)  .  This  incubation  temperature,  period  oi 
growth  and  general  method*  for  preparing  these  suspensions  were  the 
same  as  above.  Suspensions  containing  approximately  equal  numbers  of 
the  two  species  of  bacteria  were  also  aerosolized. 

Description  and  Operation  of  the  DATA. 

The  HAT  A  (Fig.  1)  wa*  constructed  by  connecting  short,  sections  of 
stovepipe.  The  primary  chamber  consisted  of  a  Cube  6  inches  in  di¬ 
ameter  and  45  ft  long  inserted  approximately  2  ft  into  a  second  chamber 
8  inches  in  diameter  and  of  similar  length.  The  two  tubes  were  folded 
back  by  90°  bends  at  30  and  60  ft.  Mixing  of  the  air  stream  was  facil¬ 
itated  by  a  series  of  Stairmand  baffles  (Stairtnand,  1951)  spaced  22 
inches  apart  on  a  plane  normal  to  the  axis  of  the  tubes.  A  portion  of 
the  aerosol  was  withdrawn  for  viable  assay  and  for  measurement  of  phys¬ 
ical  decay  at  several  sampling  ports  located  at  convenient  intervals 
along  the  apparatus. 

A  bacterial  aerosol  at  a  controlled  temperature  (21.6  C)  and  de¬ 
sired  RH  was  introduced  into  the  primary  chamber  at  1.6  CFM,  a  flow 
rate  that  produced  rn  air  velocity  of  8  linear  ft.  min.  Ihis  input 
aerosol  was  diluted  at  the  junction  of  the  two  ducts  with  air  also  at 
21  6  C  and  at  a  second  desired  RH .  The  resultant  linear  flow  through 
the  secondary  chamber  was  also  8  ft  min,  this  was  accomplished  by  al¬ 
lowing  the  conditioned  air  to  flow  into  the  larger  chamber  at  approx¬ 
imately  1.25  CFM  and  by  withdrawing  aerosol  from  the  terminal  end  jf 
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the  secondary  chamber  *t  2.85  CFM.  The  resulting  dilution  retie  {1.6/ 
2.85}  w*s  0.58.  Mixing  of  the  two  air  streams  caused  e  Ailutior  of 
the  input  air  of  approx  mutely  567  end,  in  some  expe  r  issent# ,  •  rapid 

change  in  RH  without  in  appreciable  change  in  temperature  or  in  prea* 
aure  For  example,  mixing  input  eir  at  907.  RH  with  secondary  air  at 
15%  RH  produced  effluent  air  at  567  RH  The  theoretical  transit  time 
of  the  primary  aerosols  aa  5.69  min  and  the  time  of  the  diluted  aero¬ 
sols  was  5.56  sin;  the  total  transit  tiae,  therefore,  was  IS. 25  airs 


or 

m 


TIG.  1.  Schematic  diagram  of  the  dynamic  aerosol  transport 
apparatus  (DATA) . 

PC,  primary  aerosol  chamber;  DC,  diluted  aeioaol  chamber; 

A,  reflux-type  Wells  atomizer;  AC,  atomization  chamber; 

MC ,  mixing  chamber  for  conditioning  of  air;  D,  l*ctrodryer*; 

F,  pressure  regulators;  F,  filter;  SP,  sampling  porta; 

H,  humidifying  chamber;  DT,  dry-bulb  thermometer;  WT,  wet- 
bulb  thermometer ;  ®>  valve;  {*]  rocometer. 

{*  Registered  trade  mark} 

Aerosol  Dissemination  and  Assay. 

Suspensions  were  aelosolized  from  a  reflux-type  Wells  atomizer 
operated  at  10  pai.  Aerosols  were  generated  for  15  min  prior  to  sam¬ 
pling.  Cells  of  S-  marceacena  were  collected  on  blood  agar  base 
(Difco)  plates  by  slit  samplers  operated  at  U  liters  min,  whereas  tryp- 
tose  agar  (Difcu)  plates  were  employed  to  assay  aerosols  of  S,  lutea 
Plates  were  incubated  for  2d  hr  at  11  C  anc  '>8  hr  at  33  C,  respectively, 
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fii’iOr  to  counting  the  colonies,  When  both  bacterial  species  were 
present  In  a  given  aerosol,  duplicate  samples  were  always  collected; 
one  on  t.rvptose  agar  containing  0.15%  phenylethyl  alcohol  and  another 
on  blood  agar  base-  The  alcohol  selectively  inhibited  growth  of  S 
ffiarceacer.s ,  but  had  no  effect  upon  growth  of  j5.  iutea  - 

Fhyslcai  decay  ot  the  aerosols  was  Monitored  by  the  method  of 
Dlsasick.  Hatch,  and  Kg  <1933)  with  a  forward-angle  scatter  aerosol 
stor.icor  (Goldberg,  1%1)  and  a  Universal  Phot  tbrj  i  tipi  ier  Photometer, 
Model  PH-200  (Eldorado  Electronics  i->.  ,  Berkeley) 

The  ftussber  c-f  viable  particles  per  liter  of  aerosol  obtained  at 
fhi  first  trig  ’ttstiv**,  wfiicH  rep —e&stn  iecr  a  fit  kc  aged  £te r USO- i  , 

was  taken  as  1.0.  The  viable  numbers  found  at  other  stations  were 
then  expressed  a*  surviving  fractions  anti  these  decay  rates  (Keth'ey, 
Fincher  and  Cown,  19S7)  were  labelled  total  decay.  Similarly,  the 
light-scatter  readings  observed  at  the  i^rst  .station  were  also  re¬ 
garded  as  10.  Subsequent  readings  were  expressed  as  fractions  and 
these  rates  were  labelled  physical  decay. 

RESULTS  AND  DISCUSSION 

Preliminary  study  af  aerosols  of  washed  S.  lutea  and  S.  marcescens ; 

2 3%  max insm  811  shifts 

Six  aerosols  each  of  jj.  lu tea  and  S.  marcescens  were  examined. 
The  physical  decay  constant*  of  the  pr  tract’-  (kjp)  and  the  diluted 
(kjp)  aerosols  of  washed  cells  of  both  species  were  of  similar  magni¬ 
tude  (Table  1),  but  occasionally  some  divergencies  were  noted.  A 
similar  relationship  was  apparent  between  the  total  decay  constants 
ki  t  and  k,t-  These  data  indicate  chat  after  cells  of  either  species 
had  equilibrated  to  a  given  atmosphere,  a  change  in  the  SH  stid  dilu¬ 
tion  of  the  aerosol  failed  to  alter  appreciably  the  decay  constants. 
However,  difference*  between  the  overall  physical  and  total  decay  rates 
were  evident;  obviously  cellular  death  was  occurring  in  the  airborne 
droplet.  The  rate  of  total  decay  was  greater  with  aerosols  of  washed 
§.•  marcejtcens  than  with  aerosols  of  washed  S.  lutea  .  Moreover,  washed 
cells  of  the  former  were  so  sensitive  that  the  numbers  of  viable 
cells  per  liter  of  aerosol  could  not  be  determined  accurately  at  the 
low  humidity  levels  tested.  The  fact  that  cells  of  S.  lutea  demon¬ 
strated  tome  biological  decay  is  presumptive  evidence  that  this  or¬ 
ganism  cannot  always  be  employed  as  *  stable  biological  tracer 
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T4Bii:  1-  The  effect  of  rapid  changes  in  relative  humidity  ($.H) 
on  the  death  rate  of  airborne  populations  of  washed 
Sarc  in*  lute*  and  Scrr at  La  aareeacens 


*  See  text  for  method  used  in  determining  the  values  of  the  surviving 
fractions,  N  and  N0 .  The  decay  rate  constant,  k,  was  determined  fey 
the  method  of  Kethiey  (1957),  where 


log  80  -  log  Nc 
k  *  - 1 - 

kj  represents  the  decay  rate  constant  for  the  primary  aerosol  and 
kj  the  Constant  for  the  secondary  aerosol  Nt  is  the  surviving 
fraction  at  the  first  sampling  station,  which  represented  an  aero¬ 
sol  age  of  30  sec.  t  is  the  aerosol  transit  time  in  *in. 


Preliminary  study  of  aerosols  of  unwashed  S,  isareescens  grown  In  a 
minimal  ntediwn:  217.  maximum  RH  shifts. 

Fifteen  aerosols  of  unwashed  S.  aarcescens  grown  in  the  defined 
medium  were  studied  at  Rh  percentages  changing  from  24-36  49-31,  and 

90-72.  The  patterns  delineated  for  three  typical  aerosol*  are  pre- 
aented  in  Fig.  2.  Neither  the  physical  nor  the  total  fall-out  rate* 
of  diluted  aerosols  were  basically  altered  ft  urn  those  of  the  primary 
aerosols,  regardless  of  a  change  in  the  RH. 

Since  the  dilution  ratio  of  the  air  waa  always  0.56,  any  departure 
from  this  value,  observed  with  respect  to  either  the  physical  or  bio¬ 
logical  measurements  indicated  that  either  the  particle  site  or  the 
biological  behavior  of  the  cel  la  had  changed  We  have  designated  these 
as  observed  ratios 
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2  4  b  &  10  12 

Aerosol  transit  time,  min 


FIC.  2.  The  effect  of  rapid  changes  in  relative  humidity 
on  airborne  populations  of  Serrat la  marcescens  grown  in  a 
chemically  defined  medium.  Physical  (o)  and  total  {•)  de¬ 
cay  of  primary  <*)  end  diluted  aerosols  (b) . 

Whan  primary  aerosols,  initially  equilibrated  at  about  25%  RH, 
were  mixed  suddenly  with  ait  at  50%  RH  so  that  the  final  RH  values 
were  about  56%,  we  calculated  from  the  physical  fail-out  data  that 
the  average  observed  ratio  of  five  aerosols  was  0.60,  the  mean  ob¬ 
served  ratio,  when  r\o  RH  change  occurred,  was  0,52,  and  a  mean  observed 
ratio  of  Q.32  was  found  when  the  RH  was  changed  from  approximately  90 
to  7  5%.  Apparently,  an  increase  in  RH  increased  the  particle  size 
which  resulted  in  an  increase  in  the  light  scatter  area  of  each  par¬ 
ticle.  Conversely,  a  decrease  a  RH  resulted  in  a  decrease  in  the  size 
of  the  aerosol  particles.  The  mean  observed  ratio*  obtained  from  the 
light  scatter  data  from  all  89  aerosol#  Included  in  this  report  (sub¬ 
jected  either  to  an  increase,  nc  change,  or  a  decrease  in  RH)  was 
found  to  be  O.n?,  0.59  and  0  51,  reapec t ivaly ;  difference#  between 
the  means  of  the  three  groups  of  aerosols  exceeded  the  0.1%  level  of 
significance 
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Moreover  ,  we  found  that  Lhe  observed  hi;  logical  ratios 

e.  Itaasbet  viable  sells  after  dilution 
Humber  viable  cells  before  dilution 

of  the  15  aerosols  from  unwashed  cells  also  deviated  fro®  the  calcu¬ 
lated  dilution  ratio.  'When  primary  aerosols  were  subjected  to  an  in¬ 
crease  in  RH,  the  average  observed  ratio  was  Q.48.  It  was  0.60  for 
the  aerosois  with  no  change  1ft  RH  and  0.56  for  aerosols  subjected  to 
decreased  RH.  These  data  provide  evidence  that  death  within  the  bac¬ 
terial  population  had  occurred  as  *  result  of  the  sudden  change  in  the 
RH  although  the  subsequent  decay  rates  of  the  diluted  aerosols  were 
not  markedly  changed. 


FIG.  3.  The  effect  of  rapid  changes  in  relative  humidity 
on  airborne  populations  of  Seirat  la  marcescens  grown  In  a 
chemically  defined  medium,  physical  (o)  and  total  (•)  de¬ 
cay  of  primary  (a)  and  diluted  aerosols  (b) . 


Study  of  aerosols  of  unwaahed  S.  marcescena  grown  In  a  minimal  medium: 
337.  maximum  RH  shifts 

In  Fig.  3  data  are  presented  for  aerosols  of  unwashed  S.  mar - 
cescens  initially  equilibrated  at  a  lew,  moderate  or  a  high  RH,  as  be¬ 
fore,  but  the  RH  of  the  secondary  air  was  conditioned  to  achieve  a 
final  moisture  increase  or  decrease  of  approximately  30%  RH.  Again 
we  observed  that  the  phyaical  decay  slopes  of  the  primary  and  diluted 
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aerosols  were  not  demonstrably  altered  by  this  treatment.  Similar  re* 
suits  were  apparent  in  the  total  survival  patterns 

Dunklin  aiui  Puck  (1948)  reported  that  S.  maregseena  was  extremely 
sensitive  to  moisture  when  in  the  airborne  state  at  XH  values  between 
50  and  80?,.  We  wondered  wheChwi  *«  enhanced  death  rate  would  be 
demonstrable  when  airborne  cells,  equilibrated  in  the  primary  aerosols 
at  intermediate  humidities  both  above  and  below  the  5Q%  level ,  were 
allowed  to  cross  over  the  RH  level  of  50?,.  in  Fig.  4  we  show  the  re¬ 
sult  of  subjecting  aerosols  to  a  decrease  from  60%  to  40/i,  RH .  Also 
shown  are  data  from  aerosols  subjected  to  an  increase  from  <+0  to  60?. 
RH .  In  the  control  experiments,  the  aerosols  were  diluted  with  air 
at  an  RH  of  M%.  Again,  there  was  no  evidence  of  significant  differ¬ 
ences  between  the  slopes  of  the  primary  or  the  diluted  aerosols  as  s 
result  of  either  an  increase  or  decrease  in  RH. 


Aerosol  transit  time  min 


FIG.  4.  The  effect  of  rapid  changes  in  relative  humidity 
on  airborne  populations  .■£  Serrat.  ia  mar cescens  grown  in  a 
chemically  defined  medium.  Physical  (o)  and  total  (•)  de 
cay  of  primary  (a;  and  diluted  aerosols  (b)  . 
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Surviving  fractions 


24%  RH  input 
51%  RH  effluent 


FIG.  5.  Hie  effect  of  rapid  changes  in  relative  1" 
airborne  populations  of  Sertatia  marcescens  growr 
riched  medium.  Physical  (o)  and  total  (a)  decay 
(a)  and  diluted  aerosols  (b). 


Study  of  aerosols  of  unwashed  $,  wreetc-jin  grown  in  a  complex  laedlum; 
35%  max irouJ.  RH  shifts  . 

Willoughby  (1962>  demonstrated  that  the  growth  medium  signifi¬ 
cantly  influenced  the  survival  pattern*  of  airborne  S.  gtatcgacgng -  in 
hie  studies,  sells  grown  in  a  mi  nisei  medium  showed  an  enhanced  survive! 
over  cells  grown  in  complex  media.  It  was  of  interest  to  ascertain 
whether  cells  grown  in,  and  dispersed  from,  medium  containing  either  an 
abundant  or  a  limited  sjuantity  of  nutrients  would  behave  in  a  similar 
way.  We  cultivated  S.  snareeseens  in  a  complex  medium  and  aerosolized 
the  cells  by  the  usual  procedure.  In  Fig.  5  we  present  the  results  of 
this  study  Aerosols  that  were  mixed  with  air  at  the  same  RH  or  with 
air  at  an  RH  of  about  137.,  resuiting  in  a  change  from  90  to  57%  RH, 
showed  no  real  differences  in  either  the  physical  or  total  decay  pat¬ 
terns.  But  after  a  change  in  RH  from  24  to  51%,  the  death  rate  in¬ 
creased.  Also,  immediately  after  the  increase  in  RH,  an  altered  pat¬ 
tern  of  survival  as  well  as  multiple  slopes  in  the  survival  curves  were 
seen.  Apparently,  some  cells  grown  in  a  complex  medium  were  Rilled  in 
droplets  that  had  increased  in  moisture  content.  But  an  enhanced  rate 
of  death  did  not  occur  when  airborne  !S.  marcescens  grown  m  complex 
medium  were  subjected  to  an  RH  increase  from  59  to  72%  (Fig.  6). 


Aerosol  transit  time,  min 


FIG  6.  The  effect  of  rapid  changes  in  relative  humidity  on 
a'rborne  Serrat  la  marcescens  grown  in  a  chemically  defined 
medium  ard  aerosolized  in  an  enriched  medium.  Physical  (o) 
and  total  (a)  decay  of  primary  (ai  and  diluted  aerosols  { b ) 
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Hence,  "orbed  death"  occurred  only  at  certain  RH  level*.  These  data 
are  at  variance  with  those  reported  by  Dunklin  and  Puck  (1946),  who 
believed  that  death  of  airborne  bacteria  resulted  t r am  cellular  dehy¬ 
dration. 

To  determine  whether  the  observed  decrease  in  survival  resulted 
from  toxic  constituents  in  the  trypticeee  soy  medium  or  from  cells  that 
were  phenotypical ly  different  from  theta  grown  in  the  defined  medium, 
ve  subjected  populations  of  cells  grown  in  the  defined  medium  and 
■prayed  in  the  complex  medium  to  sudden  chsnges  in  RH.  The  results 
indicated  that  significant  difference*  in  survival  patterns  of  tha 
aerosols  diluted  at  constant  RH,  or  with  air  at  an  RH  leas  than  that 
existing  in  the  primary  aerotol,  did  not  occur.  However,  an  increased 
rate  of  death  was  observed  when  cells  were  subjected  to  an  RH  that 
increased  from  less  to  more  than  50%  (Fig.  7).  Physical  decay  curves 
of  primary  and  diluted  aerosols  were  essentially  unaltered,  whereas 
the  biological  or  total  decay  curves  showed  that  cells  were  extremely 
sensitive  to  en  lac  tease  in  RH  in  this  range. 


FIG.  7.  The  effect  of  rapid  changes  in  relative  humidity 
on  airborne  populations  of  Serratle  marceacena  grown  in  a 
chemically  defined  medium,  and  aerosol  iced  in  an  enriched 
medium  Physical  (o)  and  total  (e)  decay  of  primary  (a) 
and  diluted  aerosols  (b) . 
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Although  meehaniasts  for  inactivation  of  cell*  in  airborne  drop¬ 
let*  by  sorption  of  water  have  not  been  adequately  elucidated  in  this 
study*  we  have  arsons  era ted  that  airborne  droplets  may  increase  in 
sire  by  sorption  of  water j  presumably,  solids  contained  in  the 
droplets  could  have  dissolved  as  a  result  of  the  added  moisture.  Fur¬ 
ther,  we  suggest  chat  these  substances  were  not  "toxic”  when  limited 
quantities  of  moisture  were  available.  Instead,  when  the  moisture 
content  of  the  droplet  increased,  the  cells'  respiratory  and  endoge¬ 
nous  mechanisms  were  stimulated  into  a  acre  active  state.  Death  from 
unbalanced  growth  could  have  occurred,  the  evidence  indicates  that  the 
hygroscopic  substances  became  "toxic"  only  to  a  portion  of  the  cell  pop¬ 
ulation  and  that  net  all  cellular  activities  were  impeded.  A  similar 
phenomenon  of  "sorbed  death"  has  been  reported  in  freeze-dried  S.  mar- 
ceacens  by  Monk  and  McCaffrey  (1957)  and  by  Monk,  McCaffrey,  and  Davis 
<1957). 

We  are  uncertain  as  to  whether  death  of  the  cell  occurred  during 
the  transition  in  the  moisture  content  of  the  airborne  droplet  or 
whether  death  was  a  combination  of  this  event  end  the  result  of  the 
specific  environment  employed  in  the  viability  assay  methods;  that  is, 
a  kind  of  "sampling  shock"  to  an  already  injured  bacterium.  We  have 
previously  observed  that  cells  injured  by  heat  are  capable  of  ceilular 
repair  and  reactivation  when  placed  in  a  favorable  growth  environment 
(Dimmlck,  1960),  but  the  conditions  for  cellular  rejuvenation  are  un¬ 
known.  Present  evidence  indicate*  that  these  conditions  are  variable 
and  highly  derandent  upon  the  physiological  state  of  the  injured  cell. 
Moreover,  we  have  some  additional  evidence  that  the  phenomenon  of 
"sorbed  death"  of  cella,  grown  in  the  defined  medium,  suspended  in 
the  complex  medium,  and  allowed  to  "age"  at  4  C  for  varying  periods  of 
time  before  being  atomized,  was  correlated  with  metabolic  activity  of 
the  cells.  If  true,  enhanced  sensitivity  of  airborne  bacteria  atomized 
in  the  complex  medium  was  not  entirely  a  "toxic"  phenomenon  but 
a  result  of  a  changed  cellular  phenotypic  expression. 
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DISCUSSION 

Morton :  Well,  the  first  question  will  coew  from  myself.  Before 

you  publish  your  good  and  worthy  technique,  are  you  going  to  turn  it 
onto  other  organisms?  I  confess  here  to  a  prejudice  against  S.  star  - 
ceacens  as  an  experimental  cod  and  I  think  that  if  you  are  not  going 
on  to  pathogens,  there  arc  poeslbly  ocher  organism*  that  are  batter 
handled  --  chat  are  not  so  "idiosyncratic"  in  chair  reectlone. 
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Hitch :  Yes,  wfe  da  investigating  other  organisms  even¬ 

tually.  However,  it  la  our  thought  at  this  time  that  we  should  first 
modify  the  present  unit  and  perhaps  extend  it.  W’e  have  envisioned 
adding  a  third  parameter  {!.*.,  changing  the  RH  twite  instead  of  only 
once).  So  I  feel  that  these  studies  are  just  beginning  and  certainly 
other  organism*  should  be  looked  at.  Perhaps,  with  $.  aarcescens ,  we 
do  have  problems,  particularly  with  atomization,  end  I  think  we  are 
going  to  have  to  investigate  these  and  other  variables  first. 

Middtebrook :  Did  you  make  any  observations  on  the  rate  at  which 

tba  change  influenced  the  tine  of  the  lag  period  or  the  initiation  or 
modification  in  growth  or  the  appearance  of  colonies  under  different 
conditions  of  treatment  of  aerosols! 

Hatch :  Ho.  We  are  aware,  however,  that  under  stress  conditions 

jg.  marcaacena  particularly  will  tend  to  form  petite  colonies  which 
appear  later  than  the  others,  and  that  we  must  also  employ  more  than 
one  type  of  media  if  we  are  actually  going  to  find  out  how  many  cells 
are  viable  and  that  each  step  in  the  system  must  be  characterized . 

Levine;  I  wonder  if  you  were  to  spray  the  complex  medium  without 
organisms,  alloc  it  to  undergo  whatever  oxidation  might  be  undergone, 
and  then  add  It  back  to  Serratia.  does  the  complex  medium,  after  being 
ao  aerosolized,  become  a  toxic  menstruum" 

Hatch :  We  haven’t  don*  thi*.  Are  you  inferring  chat  reapiratory 
activity  ia  taking  place  in  the  airborne  state? 

Lavine :  No. 

VTTF*:  But  thia  ia  entirely  poaaible,  according  to  aome  work 

I've  heard  of. 

Levine:  Let  me  rephraae  my  statement.  When  you  apray  organisma 

in  a  complex  medium  and  observe  the  diphesic  decay,  could  it  not  be 
due  to  alterationa  in  the  medium?  For  example,  I  propoae  that  if  you 
cook  uninoculated,  aterile  medium,  aeroaolicad  it;  that  ia,  subjected 
it  to  a  situation  of  groat  oxidation  among  other  things,  and  then  added 
thia  to  Serratia.  it  might  be  that  by  virtue  of  aerosol ixat ion  thia 
medium  haa  become  somewhat  toxic. 

Hatch:  X  don't  think  the  spray  medium  per  ae  would  be  toxic  be¬ 

cause  excess  death  only  occurred  under  certain  situations.  Our  date 
Indicated  that  the  medium  was  not  always  "toxic".  I  think  we  must 
raaliae  that  we  have  e  dynamic  system  wherein  e  bacterium  ia  responding 

*  VTTt  •  Voice  from  the  floor. 
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fro*  moment  to  moment  to  its  micro-environment  and,  «t  least  from  the 
data  »e  have  shown,  it  looks  like  the  ceil  is  changing  physiologically , 
and  that  perhaps  the  "toxic”  element  only  aaeas  to  he  there  baetuaa  we 
are  catching  the  cells  in  a  given  phase.  However,  to  prove  your  point 
we  would  actually  have  to  do  eatper isaent#  which  we  have  not  don* . 

mu  son:  1  wondered  how  you  measured  your  RH.  Was  it  with  ooa 
of  these  newer  sophisticated  electronic  gadgets  that  measures  ts»  within 
1  or  27,  m? 

Hatch ;  Only  by  wet -dry  bulb. 

Placate kt  pr.  Morton,  you  stationed  yeur  prejudice  regarding  f. 
garcesceRji .  1  would  £«  interested  in  hearing  a  further  comment  ssn  that. 

Morton:  This  sounds  like  a  countar- question .  One  of  the  things 

1  recall  is  the  very  peculiar  physical  behavior  of  bacteria  when  exam¬ 
ined  in  fflicro-drc-!' lets .  May's  experiments,  for  instance,  stay  have  been 
brought  to  your  retention. 

Harper :  £h;s»  is  largely  our  problem  at  Porton.  1  think  primarily 
it  is  aaeocis-tes  with  growing  bacteria  on  solid  medium.  What  happened 
was  that  May  Urst  observed  this  and  it  became  apparent  during  collec¬ 
tion  and  prt  .rajiiflgwseat.  It  produced  a  sort  of  akin  on  the  surface 
of  the  parti.  ’f.  particularly  it  was  associated  with  marces cans . 

and  the  skin  vert  oxtremely  tough,  and  extremely  light,  and  sat  on  the 
top  of  the  fiui.H  In  the  pre-iapinger . 

Silver :  The  FOlnt  is,  when  we  took  deep-froren  (or  whatever  -u 
call  it)  material  from  the  deep-freeso  process,  this  did  not  occur  at 
all. 

Hatch:  X  would  like  to  put  in  a  comment  at  this  point.  We 

recognise  that  S.  marcescens  ia  quits  variable  and  vary  sensitive  in 
many  regards  We  are  not  kidding  ourselves.  If  we  said,  let  ua  taka 
something  that  it  more  stabilised,  we  would  be  saying,  1st  us  elim¬ 
inate  this  complicated  problem  and  juat  ignore  that  it  exists  If  we 
are  going  to  understand  the  problem  of  bacterial  behavior,  in  eerobio- 
logical  systems,  we  ought  to  take  a  complicated  microbial  system  such 
as  S.  marcs sesns,  probe  into  mechanism*  end  che  responses  of  cells 
during  stress  and  actually  try  to  find  out,  from  the  basic  research 
viewpoint,  what  really  happens  and  whan  it  happens.  I  don't  think  ms 
are  going  to  geln  insight  into  this  problem  until  we  recognise  thet  it 
does  exist  snd  stsrt  working  with  conplsx  and  highly  variable  organisms, 
such  as  S-  marcascsns .  Others,  such  as  Fastauralla  tularemia  are  var¬ 
iable  and  can  alto  be  troublesome  In  this  regard.  So,  let's  face  the 
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urobiea  *nd  taaybe  we  can  learn  more,  rather  than  trying  to  pretend  if. 
doesn't  exist. 

ggfeb:  I  feel  that  there  is  a  greet  deal  of  uniformity  between  the 

work  that  ve  ere  doing  end  ch#  findings  reported  here.  For  example,  we 
have  observed  «  similar  sensitivity  of  the  cells  end  e  similar  pattern 
of  event#  with  respect  to  the  humidity  effect.  In  our  own  work  we 
found  chat  if  the  8!1  of  the  incoming  air  was  higher  then  the  aerosol 
itself,  that  one  got  a  secondary  kill  dug  to  the  rehydrac ion . 

held! :  T»»,  Or  .  Webb,  I  a»  aware  of  asm  of  the  work  you  have 

reported,  particularly  those  studies  in  the  Coilison  spray  atoastrer 
t^sere  the  Input,  T  believe,  was  about  5%  EH  and  the  output  was  about 
72%  RH.  If  you  raised  the  Input  Wi  in  the  Collison  to  a  higher  value, 
this  enhanced  death  phenossenon  did  r.ct  occur.  I  night  mention  that  in 
our  studies  this  enhanced  death  phenomenon  only  occurred  with  a  step-up 
in  moisture  between  about  40-60%  &H;  above  60%.  RH  we  don’t  observe  it. 

Webb:  1  found  it  also  within  the  drum. 

Hatch :  Oh,  yes,  but  you  didn't  elaborate. 

Webb :  When  we  studied  this  in  the  aerosol  drum,  we  found  that 

one  got  a  maximum  rehydration  effect  if  one  raised  the  humidity  above 
60%  RH .  The  secondary  kill  was  observed  only  if  the  RH  was  raised 
from  about  50  or  leas  to  about  601.  But  if  the  RH  was  raised  from  60 
to  707.  for  example,  we  did  not  observe  this  secondary  kill  phenomenon. 

Silver :  I  am  sure  some  of  you  are  familiar  with  Druett's  work 

which,  in  fact,  we  mentioned  at  an  earlier  symposium  2  yr  ago  at 
Detrick,  He  had  only  Just  started  then,  but  he  used  a  decompression 
cycle  with  a  piston  in  a  cylinder.  He  had  e  cycle  rets  of  about,  I 
think,  4/ min,  although  this  can  be  varied;  and  of  course,  he  employed 
virtually  instantaneous  changes  in  RH  or,  this  sample.  Initially  he 
sat  up  the  aerosol  in  a  static  cylinder.  He  then  plotted  the  decay 
biologically  by  using  gc  spore  tracers  and  at  an  appropriate  number 
of  cycle*  he  would  stop  the  pieton;  he  would  normally  operate  from  the 
lower  to  the  higher  level.  The  reeaon  waa  that  he  wanted  a  fairly 
rapid  decay  in  the  first  place,  to  give  him  s  change  of  slope  h*  could 
measure.  He  operated  around  50%  by  compression-decompression  cycle, 
than  raised  this  up  towards  100%.  The  first  observation  with  spores 
indicsced  that  it  didn't  matter  what  he  did  to  the  RH  cycLe;  nothing 
affected  the  BG  spores.  Thac  satisfied  him  regarding  the  tracer  con¬ 
cept;  it  could  be  uecd  to  determine  viability  of  the  test  organism*- 
He  then  examined  a  large  number  of  Bruce  1  la  species  and  at  least  one 


strain  at  Esther ich la  coil,  and  he  tmy  have  looked  into  something  ©Sse, 
but  1  as  »o£  too  sure  of  that.  The  prim*  observation  was  that  there 
was  no  significant  change  In  the  death  pattern  until  he  obtained  con¬ 
densation  on  the  part  idea  near  saturation.  the  sewaent  that  happen**! 
there  was  a  change  In  the  rate  of  decay;  i  .#.  ,  accelerated  death,  if 
you  saw  hi*  results,  I  chink  you  would  be  quite  startled.  Until  he  got 
eemdensac ion  you  could  only  notice  the  very  fast  change*  in  the  rate  ot 
decay.  More  recently,  he  has  added  salts  to  the  suspending  fluid  in  an 
attempt  to  obtain  condensation  at  ftH  significantly  its*  than  90%.  It 
is  really  not  fair  to  speak  for  hi®  because  l  haven't  any  data  myself, 
hut  there  is  tone  evidence  that  if  you  have  candensaf t->n,  a  very  rapid 
change  In  the  death  rate  will  take  place  He  is  trying  not  to  extend 
his  studies  for  longer  periods. 

Blast  t  k -  l  have  heard  of  some  of  hi*  work,  but  I  think  unfortun¬ 
ately  for  all  of  us,  it  hag  not  been  published.  1  *a  wondering  now 
what  the  effect  of  a  change  of  pressure  would  have.  As  1  recall,  he 
doe*  have  a  pressure  differential  added  to  his  dilution,  this  is  an¬ 
other  variable  we  might  study. 

Wo  1  j e  ;  Setae  experiments  have  been  done  with  pressure  changes  and 
X  think  the  matter  is  ruled  out  because,  unless  condensation  occurred, 
no  change  was  noted.  In  some  instances  the  air  was  virtually  steril¬ 
ised,  except  for  8C  spores,  after  condensation. 

Hatch :  Perhaps  we  should  not  overlook  the  possibility  chat  there 
may  be  a  practical  application  here.  If  we  want  to  sterilire  areas 
where  then  are  infectious  aerosols,  perhaps  we  could  investigate  juat 
that  particular  #hift-up  in  RH  needed  to  produce  complece  kill. 


SURVIVAL  AND  VIABILITY  SECTION 


Gardner  Middiebrook,  Moderator 


An  understanding  of  mechanisms  leading  toward  survival 
and  maintenance  of  infectivity  in  a  microbial  cell  is  funda¬ 
mental  to  our  eventual  victory  over  respiratory  disease. 
This  section  includes  papers  concerning  theoretical  studies 
of  reactions  of  airborne  bacteria  to  controlled,  laboratory 
environments . 
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ADDITIVES  TO  INCREASE  AEROSOL  STABILITY 


Leonard  Zimmerman 

U.S.  Army  Biological  Labor* tor ies 
Fort  Detrick,  Frederick,  Maryland 


Serratia  marcescens  is  a  gram-negative  ttcm-pathogenic  bacterium 
that  is  widely  used  as  a  Lest  organism.  Suspension  of  this  organism 
yields  aerosols  whose  viable  cell  populations  are  Inherently  stable  in 
atmospheres  at  high,  but  not  at  low,  relative  humidity  (8K) .  Several 
attempted  methods  for  Improving  the  stability  of  aerosolized  cells 
have  proved  unsuccessful.  These  included  nutritional  studies  (growing 
the  cells  in  various  media) ,  genetic  studies  (subculturing  the  sur¬ 
vivors  of  aerosoiizacion  or  some  other  stress)  or  mechanical  processes 
(changing  the  aerosol-generating  and  aerosol -samp i ing  devices). 

We  have  added  solutes  to  cell  suspensions  in  the  hope  that,  first, 
we  might  stabilize  the  viability  of  S.  rnarce scens  against  aerosol  ex¬ 
posure  and,  second,  that  we  might  achieve  sons*,  insight  into  the  ques¬ 
tion  of  why  aerosolized  ceils  die.  Suspensions  were  all  aerosolized 
at  A  'X  RH,  a  very  unfavorable  humidity  for  che  survival  of  S.  marcescens  ■ 

1.  One  factor  that  had  previously  forestalled  studies  with  addi¬ 
tives  was  the  conviction  that  added  solutes  might  greatly  accelerate 
the  physical  decay  of  aerosolized  cells.  To  test  this  assumption, 
suspensions  were  prepared  with  progressively  increasing  concentrations 
of  sucrose  up  to  32"!  and  aerosolized.  Maximum  aerosol  populations 
were  obtained  from  suspensions  containing  16X  sucrose.  Thus,  the  ef¬ 
fects  of  added  solutes  m  intensifying  physical  aerosol  decay,  it 
seemed,  coo'd  safely  be  tolerated  in  practice. 
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2.  Studies  on  other  sugar*  showed  that  di-  and  tr  i -saccharide* 
acted  a*  aerosol  stabilizers,  but  that  monosaccharides  did  not.  The 
differences  between  the  effects  of  the  mono-  and  oligo-saccharidea 
were  irs  the  other  of  two  magnitudes,  with  par  cent  recoveries  varying 
from  as  law  as  0,005  {<*%  glucose)  to  «.?  i'E%  raffinoae).  Wigh  sugar 
eoneentrac ions  did  not  impair  the  recovery  levels.  the  asonosaccha* 
rides  were  ail  penetrable  into  Che  cells,  idler  eta  the  di-  and  tri- 
aaccharides  were  not.  The  stabilizing  effects  of  the  latter  sugars 
were  attributed  to  their  ability  to  plasuwlyze  aerosolized  ceils,  thus 
possibly  interrupting  their  metabolic  activity.  Laboratory  studies 
have  shown  that  the  ability  of  £,  mareescens  to  oxidize  glucose  is 
markedly  impaired  in  the  presence  of  plseaolytic  concentrations  of 
sucrose  or  SaCl , 

3.  Aerosol  stability  was  also  enhanced  by  salts  of  ascorbic, 

glucuronic,  galacturonic  and  other  organic  acids.  These  acids  were 
moat  effective  in  combination  with  multivalent  cation*  (C a  ,  Mn  , 
M**’  and  much  less  so  in  the  presence  of  monovalent  one*  (Ha*, 

K+,  Li+) .  There  were  some  inconsistencies  noted:  K  and  glucuronate 
and  galacturonate  were  particularly  ineffective.  X  would  point  out 
that  K+  and  tff{£  are  both  essential  metabolite*;  also  NH^  easily 
forms  complexes  with  polyvalent  metal  Ions.  These  effects  were  also 
correlated  wi^h  penetrability:  multivalent  catlona  were  not  penetrable 
Into  the  cells  and  ths  monovalent  ones  were,  up  to  a  point.  tlaCl  alone 
at  concentrations  up  to  IX  depressed  aerosol  stability,  but  at  5%  and 
10%  levels  aerosol  stability  began  to  improve.  This  reversal  was  at¬ 
tributed  to  the  plasmolytlc  effects  of  the  higher  salt  concentrations, 
creating  an  environment  like  that,  obtained  with  non-perte  treble  sugars. 
It  seemed  possible  that  these  effects  were  caused  by  the  displacement 
of  K+  from  the  cells  by  Na+;  but  KC1  and  NaCl  proved  to  have  identical 
effects  upon  aerosol  stability. 

4.  The  stabilising  effects  of  plasroolytic  salt  solutions  sug¬ 
gested  that  ocher  methods  for  interruption  of  metabolic  activity  mignt 
enhance  aerosol  stability.  Enzyme  inhibitors  were  investigated  as 
potential  aerosol  stabilizers  and  this  work  led  to  the  discovery  of 
another  class  of  stabilizers:  the  metal -binding  or  chelating  agents. 
These  include  such  unrelated  compounds  as  8-hydroxyquinol ine ,  sodium 
arsenite,  thiourea,  dtpyridyl,  phenanthrol ine ,  the  d i th iocarbama tes , 
the  hydrazides  and  d ihydraz ides ,  and  kojic  acid.  One-tenth  per  cent 
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8 -hydroxy quinoline  provided  the  highest  recovery  after  2  sin  of  eero- 
sol  tic*  (36%)  whereas  0.1%  Na-dioethyidithioearbaiEate  yielded  the 
highest  recovery  after  16  sin  (34%).  The  control,  with  no  additive, 
was  26  and  7%  recovery,  respectively. 

This  class  of  compound*  has  the  following  characteristics:  (1) 
they  are  effective  in  relatively  low  concentrations,  0.1%  or  leas, 
(2)  they  are  maximally  effective  only  in  the  presence  t>£  solutes  such 
as  sugars  capable  of  plasuwlytic  activity,  (3)  many  of  she®  are  enzyme 
inhibitors,  (4)  in  higher  concentrations,  some  of  thecs  are  toxic  to 
stored  cells,  (5)  some  of  them  are  toxic  to  cells  aerosolized  at  high 
&H.  It  is  also  interesting  to  note  that  the  adverse  effect!  of  NK^ 
salts  on  aerosol  stability  are  completely  eliminated  in  the  presence 
of  these  metal-binders. 

S.  Using  combinations  of  sugars,  and  metal-binders,  we  have  made 
j>.  marcescens  nearly  a*  stable  as  spores  of  Bsc filus  subtil  is  var. 
niger  (B .  globigil) ■  For  example,  adding  raffinose,  ascorbic  acid  and 
Na  arsenite  at  pH  7  to  £.  marcescens.  I  found  chat  the  per  carte  recovery 
after  30  min  aerosol  time  was  24%,  compared  to  25%  for  B.  globjgil. 

Hu  stability  induced  by  additives,  however,  depend#  In  great 
part  upon  the  state  of  the  cells.  Growing  cells  are  least  teroaol 

stable  in  the  log  pheee  and  moat  stable  in  chs  stationary  phase  of 
the  growth  cycle,  Stationary-phase  cells  suspended  in  apent  culture 
medium,  however,  were  not  made  more  aerosol -stable  by  the  addition 
of  solutes.  If  these  cells  ere  removed  from  the  medium  and  resuspended 
In  water  they  can  be  stabilised;  it  this  suspension  of  calls  in  water 
is  ae.ated  for  several  hours,  its  pB  rises  end  its  oxygen  uptake  level 
falls  to  a  very  low  level.  Such  starved  or  resting  cells  are  maximally 
responsive  to  the  potential  stabilizing  effects  of  added  solutes. 


DISCUSS IOK 

Hatch :  I  have  two  questions:  Hov  did  you  get  started  on  this 

path,  end  would  you  care  to  speculate  a  little  more  on  possible  death 
mechanisms? 

Zimmerman :  I  set  out  to  mlniaice  the  rate  of  death  of  aerosolized 
JS .  marcescens  ■  The  reasons  for  the  success  of  my  procedures,  however, 
ere  not  clear.  I  do  have  some  speculations  at  to  mechanisms  by  which 
aerosol  stabilization  may  be  induced. 


the  death  of  aerosolized  cells  probably  does  not  result  from 
generalized  destruction  or  denaturation  of  cell  substance.  this  must 
be  true  if  the  addition  of  a  few  simple  chemicals  to  the  cells  can 
render  them  aerosol-statue. 

All  energy  generated  by  the  cells  is  ultimately  used  either 
for  maintenance  or  for  synthesis  a£  qmv  ceils.  Treatments  that  pre¬ 
vented  the  ceils  from  securing  maintenance  energy  would  of  course  be 
lethal.  All  our  stabilizing  treatzaants ,  see  think,  keep  the  cells  in  a 
non -growing,  maintenance-only  state.  The  combined  treatments  of  cell 
starvation  with  plasma lysing  solutes  non-spec  If leal  ly  reduces  the 
amount  of  energy  that  the  cell  can  generate.  The  metal-binding  sol¬ 
utes,  however,  may  owe  their  effectiveness  to  their  enzyme- inhibiting 
properties;  somehow,  they  push  the  resting  ceil  deeper  into  the  resting 
state . 

A  system  recently  suggested  by  Maal^e  to  account  for  the  syn¬ 
chronous  growth  of  bacteria  may  he  of  interest  here,  haal^e  postulates 
that  the  division  cycle  of  normal  cells  appears  to  consist  of  two 
periods,  one  during  which  a  complete  round  of  DMA  replication  takes 
place,  and  one  during  which  no  SKA  is  made.  Also,  the  inhibition  of 
protein  and  SKA  synthesis,  by  removal  of  nutrient  or  other  means,  does 
not  interfere  with  the  completion  of  a  UNA  replication  presently  in 
progress,  but  prevents  the  initiation  of  a  new  round  of  replication. 

We  visualize  the  possibility  that  all  suspensions  contain  some 
sensitive  cells  and  others  that  are  insensitive  to  aerosol  exposure 
at  low  RH.  It  is  possible  that  the  sensitive  cells  are  those  in  the 
process  of  UNA  manufacture.  Our  stabilizing  treatments  consist  of  a 
combination  of  starvation,  addition  of  a  plasmolyzing  agent,  and  of  a 
chelating  agent.  These  treatments  may  combine  to  put  and  keep  more 
and  more  of  the  bacterial  population  into  a  non-DKA-replicating  state 
in  which  they  are  insensitive  to  aerosol  exposure. 

PiaiBlck :  I'm  fond  of  your  approach;  speculation  is  the  grand¬ 
mother  of  a  well-formed  hypothesis  and  lotuition  is  probably  the  grand¬ 
father  I'm  impressed  by  your  findings  since  we  have  found  much  the 
same  thing  regarding  culture  age.  You  didn't  state  what  medium  you 
used  and  what  growth  temperature,  and  I  wonder  whether  you  chink  this 
might  alto  change  the  response  to  aerosol izat ion? 

Zimmerman .  We  have  checked  on  both  of  these  factors.  The  cells 
used  in  all  chase  tests  were  grown  in  aersted  media  containing  21 
Bac co-Trypcose ,  0.5%  glucose  and  0.00k  M  sodium  phosphates.  Batches 


of  ceils  with  equally  good  stability  were  grown  frees  aerated  g>« die  con¬ 
taining  either  (1)  SI  Tryptiease  Soy  Broth  (TSB)  flu*  2%  glucose,  or 
(2)  a  citrate-glucose-KH^Cl -salts  chemically  defined  medium. 

Ue  also  tested  the  relationship  between  aerosol  stability  of 
cells  and  temperature  of  growth.  Cells  inoculated  into  TSB  +  glucose 
media  vers  grows  at  25  C  and  at  37  C.  the  cultures  grown  at  the  3?  C 
were  non-pigmented  and  yielded  lower  viable  cell  populations  than  the 
cultures  grown  at  25  C.  The  aerosol  stability  oi  the  37  C-grovn 
cells,  alone  or  in  the  presence  of  stabilizers,  was  poorer  than  the 
stability  of  the  25  C-strows  ceils.  Ihi*  observation  was  not  explored; 
we  were  only  looking  for  growth  conditions  which  permitted  the  produc¬ 
tion  of  cells  with  maximal  aerosol  stability. 
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the  magnitude  of  microbioi  hazards  believed  to  be  associated 
with  environmental  microorganism#  has  frequently  found  expression  in 
the  great  effort  put  forth  to  reduce  their  number*  in  man 'a  surround* 
ings .  this  is  particularly  true  i..  th#  case  of  staphylococci,  where 
e  multiplicity  of  aource*  may  aerve  as  potential  reservoirs  of  infec¬ 
tious  material. 

In  order  to  present  an  anvironaenrai  haeard  of  major  proportion#, 
staphylococci  muat  survive  the  fluctuating  conditions  of  desiccation 
and  rehydracion  found  outside  the  hoat,  withstand  rahydration  In  host 
fluid*  and  create  those  structure*  and  product*  that  are  character¬ 
istically  associated  with  their  ability  to  initiate  infectious  disease 
processes  in  susceptible  hosts.  Effective  Indirect  transmission  thus 
implies  survival  of  staphylococci  in  fully  infective  form  under  condi¬ 
tions  operative  in  the  external  environment. 

Over  a  period  of  years,  experiments  have  been  conducted  in  at¬ 
tempts  to  determine  the  role  that  desiccation  and  rehydration  treat¬ 
ments  play  in  governing  the  survival,  infective  capacity,  and  virulence 
of  staphylococci.  Earlier  studies  of  this  problem  indicated  that 
staphylococci,  when  dried  as  films  and  Injected  laeBediately  after  re¬ 
constitution  in  broth,  produced  fewer  infections  in  mice  challenged  by 
the  intramuscu iar ,  intracerebral  or  intravenous  route  than  did  similar 
doses  of  nondi ied  organisms^ ' K  Other  tests  carried  out  at  this  time 
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pointed  out  chat  staphylococci  surviving  desiccation  and  rehydration 
procedures  showed  evidence  of  aubisthai  injusy  reflected  by  prolong* 
lion  of  the  lag  periods,  greater  sensitivity  to  reconstitution  end 
storage  lr.  various  fluid*  and  *iow*r  rates  'i  production  of  coagulate^' . 


In  attempts  to  obtain  more  in  format  ion  regarding  the  responses 
of  staprtyloeocci  to  desiccation  and  rahydrat ion ,  both  aerosol  tmd  film 
drying  techniques  have  been  employed  in  subsequent  experiments.  Two 
broad  lines  of  approach  have  been  taken:  these  include  studies)  of 
changes  in  perngabi  1  ity  and  changes  in  aetabol  is®  which  are  Boat  likely 
to  affect  retention  of  characteristics  related  to  the  disease-producing 

•  f  ■*  f  —  *  C  ■ .  1  - —  —  ^ 


PKRKEABILinf  CHANGES 

it  is  well  recognised  that  control  of  permeability  is  lost  in  dead 
bacteria.  It  is  also  apparent  that  increases  in  permeability  take  place 
when  bacteria  are  subjected  to  ties iccat  ion-rehydrg cion  procedures'"^. 
Consequently,  sieasuretsent  of  Che  magnitude  of  leakage  of  substances 
from  bacterial  cells  provides  sosse  measure  of  their  death.  It  is  con¬ 
sidered  likely  that  organisms  surviving  such  stress)  treatments  would 
also  show  indications  of  increases  In  permeability.  Indeed,  addi¬ 
tional  leakage  of  material  from  Esther  Ich  ia  coll  has  been  found  when 
the  survival  capacity  of  else  organisms  was  enhanced  by  drying  the  cells 
with  a  protective  additive^.  Evidently,  the  loss  of  such  materials 
is  not  necessarily  associated  with  death  of  the  organisms,  typical 
ultraviolet  adsorption  spectra  of  released  leakage  materials  from 
washed  preparations  of  nondr led  staphylococci  (Strain  K2)  were  compared 
to  the  greater  leakage  obtained  with  the  same  ce*i  mass  in  dried  prepar¬ 
ations  (fig.  1).  Organisms  were  derived  from  early  log  and  stationary 
phase  cultures,  film  dried  for  20  hr  at  a  relative  humidity  of  45%  and 
reconstituted  in  distilled  water.  Microbial  suspensions  were  centri¬ 
fuged  and  the  supernatant  fluid  containing  materials  lost  from  the 
cells  was  scanned  at  wave  lengths  of  230-300  me.  Organisms  derived 


*  The  scrams  of  Staphy  lococcus  aureus  used  in  this  study  are  patho¬ 
genic  in  mice.  Strain  8074  is  a  weak  alpha  toxin  producer  and  is 
less  virulent  n  mice  than  Strain  H2 .  Strain  H2  was  originally 
isolated  from  a  human  abscess  in  our  laboratory,  while  Strain  8074 
was  Obtained  from  the  Laboratory  of  Hygiene.  Department  of  National 
Health  and  Weltare.  Ottawa.  Ontario.  Strain  H2  withstands  desicca¬ 
tion  and  reiivdrat  ion  stresses  much  better  than  Strain  807-t. 
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frotss  log  phase  culture*  were  aors  persseable  than  those  obtained  froa 
the  stationary  phase  of  growth,  although  no  appreciable  differences  in 
viable  count*  of  the  sssples  were  found. 


WAVE  length  M>i 


FIG.  1.  Ultraviolet  spectrum  of  materials 
released  fro*  Staphylococcus  aureus 

Since  the  leakage  materials  have  not  been  characterized  to  date, 
it  is  not  known  whether  the  same  materials  are  lost  from  the  cells  be¬ 
fore  drying  as  those  noted  after  drying.  However,  present  qualitative 
testa  show  indications  of  anino  acids,  phosphates,  protein  and  ribonu¬ 
cleic  acid  compounds  ir.  the  leakage  materials .  It  is  possible  that  the 
prolongation  of  lag  previously  noted  anight  be  due  in  part  to  the  time 
required  to  replace  or  synthesize  some  of  these  lost  cell  substances. 
Since  leakage  does  reflect  increased  cell  permeability,  one  must  also 
suspect  increased  access  of  substances  outride  the  cell  to  certain 
areas  within  the  cell.  For  example,  the  entry  of  p-nltrophenyl  phos¬ 
phate  into  organisms  previously  dried  and  reconstituted  is  enhanced, 
because  greater  measureable  acid  phosphatase  activity  occurs  in  dried 
staphylococci  (Strain  H2)  than  in  the  same  cell  mass  of  nondrled 
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orga tiiasM  (fig.  2).  However,  it  i*  not  known  sc  this  time  whether 
p&£Wi lability  incresaes  reflect  paly  phytic «i  thing**  ot  wh« ther  energy 
transport  a«cb*niiffl*  of  the  organls*  are  also  affected.  Furthermore, 
it  is  possible  thit  critical  spatial  relationships'#  certain  structure* 
and  chemical  substances  might  fee  changed,  thereby  influencing  sel-*etlv« 
persaeabi  lity  in  bacteria  subjected  to  desiccation  and  rehydrstion  pro¬ 
cedures  , 

a  Sr,.  OSYitiG  Ti«£ 
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FIG.  2.  Hie  effect  of  desiccation-rehydration 
or.  acid  phosphatase  activity 

It  is  reasonable  to  assume  that  the  infective  potential  of  sur¬ 
viving  pathogenic  bacterial  would  be  affected  by  their  past  drying 
history,  since  increased  permeability  might  allow  entry  of  some  poten¬ 
tial  antimicrobial  host  substances  normally  excluded  from  vital  sites 
in  the  cell.  Although  one  of  the  characteristics  of  coagulase  positive 
staphylococci  is  their  resistance  to  bactericidal  components  in  blood 
or  serum^'*  ,  increased  permeability  of  staphylococci,  stored  as  aer¬ 
osol*  or  film  preparations,  might  explain  the  subsequent  decreased 
ability  of  such  cells  to  survive  in  human  serum,  blood  or  plasma  con¬ 
taining  staphylococcal  antibodies^’*^ .  Bactericidal  activity  was 
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abolished  whet;  tempt  emetic  was  irtact  ivated  by  heat  or  ayaoaan  and  no 
bactericidal  activity  was  noted  in  nondried  preparat ion* ^  .  These 
result*  suggested  that  the  mere  entry  of  rtonbac  ter  te  Ida  i  materials  to 
ceil  sites  was  not  related  to  death  of  the  bacteria.  Under  these  con¬ 
ditions  cellular  resistance  also  appears  to  be  wore  efficient,  as  evi¬ 
denced  by  taster  clearance  of  aged  aerosols  of  staphy lococci  (Strain 
K2)  from  mouse  lungs  (,  ig.  3). 
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FIG.  3.  Decreases  in  viable  count  of  staphylococci 
in  mouse  lungs  with  young  and  aged  aerosols 

Although  increases  in  permeability  of  staphylococci  due  to  drying 
stress  treatments  have  been  demonstrated,  it  appears  that  permeability 
returned  to  normal  values  if  metabolism  was  allowed  to  take  place.  This 
might  account,  in  part,  for  the  fact  that  incubation  in  broth  within 
the  lag  period  before  intravenous  injection  increased  the  ability  of 
previously  dried  cells  to  survive  da  initial  residence  in  mcuae  tissues1'*^. 

GROWTH  RATES  AMD  METABOLISM 

The  likelihood  of  success  in  the  identification  of  the  procesaes 
involved  in  reduction  of  viability,  infectivity  and  virulence  of 
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Staphylococcus  aureus  by  desiccation  procedures* po ints  out  the  need  t  >r 
studies  of  growth  patterns  and  of  the  related  broad  physiologies]  and 
biochemical  changes  which  occur  when  the  o-.-snisms  are  reconstituted  in 
growth  media.  The  study  of  changes  in  the  ribonucleic  acid  (RNA)  and 
protein  synthesis  of  dried  and  nondried  staphylococci  in  relation  to 
cell  growth,  infectivity  and  virulence  might  yield  useful  information. 

Previous  studies  have  indicated  that  the  lag  period  of  staphyJo- 
cocci  progressively  increased  with  increases  in  drying  -imov  .  These 
lag  measurements  were  concerned  with  the  time  required  to  double  the 
initial  viable  count  when  the  cells  were  incubated  in  broth.  In  addi¬ 
tion,  excellent  regeneration  capacity  was  noted,  for  it  was  found  that 
once  the  log  phase  was  reached,  the  minimum  generation  time  in  broth 
was  constant,  regardless  of  the  previous  drying  histor-  of  the  cells. 

Subsequent  optical  density  measurements  of  growth  of  both  !.:>•:  ant! 
stationary  phase  cultures  of  the  two  strains  of  staphylococci  used  so 
this  study  (Strain  H2  and  8074)  have  shown  that  the  true  lag  phase  is  also 
inhibited  by  desiccation-rehydration  stress,  particular ly  in  Strain  8074 
(Fig.  4,5) . 
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_4.  The  affect  of  deslccatlon-rehydrat ion 
on  growth  of  Staphy lococcus  aureus 


*  For  growth,  protein  and  ribonucleic  ecid  measurements  used  in  this 
study,  film  samples  of  staphylococci  were  dried  for  24  hr  cr  a 
temperature  of  80  F  and  a  relative  humidity  of  40%. 
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FIG.  5  ■  The  effect  of  des  iccat ion-rehydrst ion 
on  growth  of  Staphy lococcus  aureus 

Some  metabolic  function  is  apparently  not  aerating  initially  at  normal 
efficiency  ir  the  stress  organisms,  indicating  that  a  repair  process  is 
required  for  the  ceils  injured  to  a  sublethai  degree. 

Because  of  the  previous  finding  that  coagulase  syntheses  was  slower 
in  staphylococci  dried  and  reconstituted  in  plasma'^',  ana  because,  in¬ 
cubation  m  broth  within  the  lag  period  appeared  to  be  necessary  to 
vaise  infect ivity  and  virulence  levels^  ,  broad  sceaeureousnts  of  meta¬ 
bolic  activity  were  considered  important.  Therefore,  protein  and  RNa 
synthesis  of  dried  and  fresh  staphylococci  was  followed  in  aerated 
Heart  Infusion  Broth  (HiB)  cultures  st  37  C.  the  results  Indicated 
that  the  Initial  rate  of  protein  synthesis  was  slower  in  cells  pre¬ 
viously  subjected  to  desiccation-rehydration  procwsure*  (Fig.  6,7). 
Apparently  coagulase  synthesis  and  possibly  toxin  synthesis  occurred 
at  a  slower  initial  rate  because  there  was  a  genercl  decrease  in  the 
rate  of  protein  syntheses,  although  this  does  not  rule  out  additional 
more  specific  effects  on  the  mechanisms  governing  coagulaae  production. 
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FIG,  fe.  The  effeet  of  desiccat  ion-rehydratfpii  oe  protein  synthesis. 
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fIG.  7.  The  effect  of  desiccation-rehydratlon  on  protein  synthesis. 

In  addition,  results  showed  that  the  synthesis  of  RNA  wss  also  affected, 
providing  a  partial  explanation  for  the  reduced  initial  synthesis  oi 
protein  (Fig.  8,9).  Rates  of  synthesis  of  protein  and  RNA  returned  to 
normal  values  more  quickly  in  log  phase  cells. than  ir.  stationary  phase 
ceils,  although  log  phase  organisms  are  gerterally  considered  to  be 
mere  sensitive  to  desiccation  and  rehydratton  than  organisms  taken 
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OPTICAL  DENSITY  OPTICAL  DENSITY 


fro®  the  stationery  phase  of  growth. 


INCUBATION  TIME  (HOURS) 


FIG.  8-  The  effect  of  desiceation-rehydration 
on  ribonucleic  acid  synthesis 
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FIG.  9.  The  effect  of  desiccat ion-rehydrat ion 
on  ribonucleic  acid  synthesis 
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When  one  consider*  that  RNA  tends  to  he  an  unstable  chemical 
compound,  that  Mg*4,  Is  required  to  stabilise  ribosotnal  RNA,  that  the 
absence  of  only  one  component  of  the  amino  acid  pool  Is  required  to 
stop  protelu  as  well  as  RNA  synthesis,  and  that  the  stress  treatments 
would  require  loss  or  Inactivation  of  only  one  type  of  vital  chemical 
compound  to  affect  both  RNA  and  protein  synthesis,  it  does  not  seem 
too  surprising  that  desiccation  and  rehydration  might  well  influence 
these  important  reactions  to  some  degree.  It  is  unlikely  that  lack 
of  nutrients  in  HIB  can  be  the  cause  of  the  slower  rates  of  synthesis 
of  both  RNA  and  protein.  Rather,  it  seems  more  likely  that  metabolic 
replacement  of  substance(a) ,  inactivated  by  deslccat ion-reh\drat i on 
stresses  or  lost  by  leakage  due  to  increased  permeability,  may  be 
necessary  in  order  to  utilize  these  nutrients  in  normal  fashion.  How¬ 
ever,  it  is  not  known  at  the  present  time  which  exact  sites  and  spe¬ 
cific  reactions  of  the  intracellular  turnover  systems  are  affected. 
Regardless  of  the  exact  mechanism  involved,  the  broad  reaction  systems 
of  staphylococci  affected  by  deaiccation-rehydration  treatments  are 
reflected  in  the  prolongation  of  the  1*8-  As  a  matter  of  fact,  the 
well-known  relationship  of  growth  measurements  of  nondr ied  bacteria 
as  an  index  of  protein  and  RNA  synthesis  also  appears  to  be  operative 
in  the  case  of  staphylococci  subjected  to  desiccation  and  rehydrati  n 
stresses. 

It  is  clear  that  the  present  studies  do  not  provide  information 
regarding  the  possible  particular  replacement  subs t once (s)  r  the 
specific  repair  area  required  so  that  protein  and  RNA  synthesis  can 
take  place  in  normal  fashion.  Consequently,  the  studies  outlined 

here  must  be  considered  preliminary,  since  experiments  dealing  with 
intracellular  turnover  are  necessary  to  obtain  more  detailed  informa¬ 
tion  regarding  the  exact  mechanisms  inhibited  by  stress  procedures 
associated  with  desiccation  and  rehydration .  Information  concerning 
such  turnover  in  microorganisms  has  been  reviewed  recently^7)  and  can 
serve  as  a  useful  guide  in  designing  experiments  necessary  to  gain  a 
better  understanding  of  the  functional  relationships  of  the  biochem¬ 
ical  everts  in  cells  after  various  stress  treatments. 


ACKNOWLEDGMENT 


It  la  a  pleasure  to  acknowledge  the  technical  as- istance  of 
Mr.  Donald  Lust  during  the  course  of  this  investigation. 


Best 


C*1 


v>\0  copy 


300 


LITERATURE  CITED 


1.  HINTOK,  «.  A.,  J.  R.  HALTMAfi ,  and  4.  H.  ORR .  I960.  The  effect  of 

desiccation  on  the  ability  of  Staphylococcus  pyogenes  to  pro¬ 
duce  disease  in  tsice.  Am.  J.  Kyg  .  72 :  3d  j-  350  ■ 

2.  MALTKAN ,  j.  R.,  J.  H.  ORR,  and  H.  A.  HINTON.  1960.  The  effect  of 

desiccation  on  Staphylococcus  pyogenes  with  special  reference 
to  implication  concerning  virulence.  Am.  J.  Hyg  .  ?2;335-3A2. 

3.  LEACH,  R.  H-,  and  W,  3.  SCOTT,  1539.  The  influence  of  rehydrat.ion 

on  the  viability  of  dried  microorganisms .  J.  gen.  Microbiol. 

•jv  ,  nnc  -jn  i 

4.  WEBB ,  S.  j.  1961.  Factors  affecting  the  viability  of  airborne 

bacteria,  V.  Hie  effect  of  desiccation  on  some  metabolic 
systems  of  Escherichia  col i .  Can.  j.  Microbiol.  2;621-632. 

5.  BLAIR,  J.  E.  1958.  Factors  determining  the  pathogenicity  o f 

staphylococci .  Ann.  Rev.  Microbiol.  12:491-506. 

6.  MALTMAN,  J.  R.  1960.  The  effect  of  desiccation  on  staphylococci. 

...  Dose  and  virulence  reactivation  of  dried  staphylococci. 
Suffield  Tech.  Paper  Met.  191. 

7.  MANDELSTAM,  J.  1960.  Intracellular  turnover  of  protein  and  nu¬ 

cleic  acid  and  Its  role  in  biochemical  differentiation. 

Baet.  Rev.  24:289-308. 


DISCUSSION 

Middlebrooki  We  need  more  of  this  kind  of  information  in  the 
field  of  aerobiology  and  I  am  delightly,  personally,  to  see  that  you 
are  working  with  S-  aureus  whether  you  got-  positive  Information  or 
not  regarding  virulence  (whatever  that  is) .  When  you  showed  those 
last  slides,  were  those  per  unit  weight  of  bacterial  cells! 

Ma  I  t.man  :  Y§s  ,  It  would  be  fundamentally  that.  They  were  based 
on  a  standard  optical  density. 

Middlebrook:  Apparently  some  multiplication  was  going  on  during 

incubation;  did  net  the  turbidity  values  or  assays  change  during  this 
t  i  me  1 

Hal tman :  Yes . 

Middle  brook :  Would  it  have  to  be  unit  weight  of  the  bacterial 

celis  present. 

Ma  1  tir.an  :  Yes. 

v i d J i o brook .  So  you  can't  standardize  by  weight  alone,  you  must 

take  .at  ■  acc  unit  fluctuations  in  counting. 

Mailman  It  is  true  that  you  cannot  standardize,  strictly 
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speaking,  by  any  single  sagthod  aince  growth  and  cell  division  occur 
during  incubation.  Tfoi*  is  the  reason  that  a  constant  optical  density 
of  call  suspension  teas  used,  since  it  bears  a  practical  relationship 
to  unit  weight,  although  this  relationship  would  certainly  not  be 
absolute . 

VFtT*:  Do  I  understand  correctly  --  log  phase  cells  are  par¬ 
ticularly  sensitive  tc  desiccation  atresaea  but  they  recover  fast  in 
growth  aediuBi? 

Maltman:  yes.  We  pointed  that  out;  such  c.  .Is  are  more  sensi¬ 

tive,  but  they  do  recover  more  quickly  than  other  cell*.  This  mighi. 
provide  a  useful  technique  for  basic  studies.  We  don't  exactly  know 
how  this  applies  yet,  but  it  could  be  tied  to  the  fact  that  the  pro¬ 
tein  and  RNA  concentrations  in  these  young  log  phase  cells  were  ap¬ 
proximately  twice  as  high  as  they  were  in  cells  taken  from  the  sta¬ 
tionary  phase  cultures. 

Webb:  We  have  been  carrying  on  similar  studies  with  other  organ¬ 
isms,  not  staphylococci;  but  with  the  sort  of  organisms  that  are  sensi¬ 
tive  to  aerosoiization;  in  other  words,  (hose  that  lose  viability  whereas 
staphylococci  don't.  But  the  phenomenon  you  mentioned  here  is  exactly 
tiv*  same  in  bcth  types.  We  measured  the  same  release  of  material  from 
cell*  --  and  when  we  protect  theca  with  compounds,  such  as  inositol  or 
glucose  (despite  the  earlier  paper,  glucose  has  been  si. own  for  the  last 
20  years  to  be  protective  for  aerosolized  organisms),  you  get  even  more 
release  of  this  materia;  yet  cells  survive  better,  also  you  get  the 
same  inhibition  of  other  RNA-protein  synthesis  mechanisms  and,  as  you 
know  from  earlier  papers  of  mine,  we  also  get  the  same  increase  in 
sensitivities  of  certain  enzymes,  not  phosphatases,  but  carboxylases 
and  the  like,  and  there  is  a  very  dramatic  increase  of  such  activities. 

Mai  tman :  These  leakage  products  may  be  Important  in  terms  of 

growth,  even  though  they  might  not  be  important  in  terms  of  surviving 
numbers.  By  equating  the  magnitude  of  the  greatest  amounts  of  leakage, 
when  cells  are  dried  in  different  ways,  with  growth  rate,  one  should 
observe  the  greatest  slow-down  in  initiation  of  growth.  These  experi¬ 
ments  are  in  progress . 

Sh inef ield :  1  just  wondered  whether  you  have  used  other  par¬ 

ameters  to  determine  virulence  (whatever  that  is,  again)  in  your  dry 
arid  non-dry  organisms. 

*  VFTT  *  Voice  from  the  floor. 
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Mai  email :  X  am  not  sure  I  understand  you.  We  used  intramuscular, 
intravenous  and  intracerebral  challenge. 

Shlnef leld :  To  mice? 

Maltesan:  To  mice. 

Shinefleld:  Have  y&u  examined  numbers  of  organisss  necessary  to 
produce  lesions  on  suture  materials  because  a  mouse  is  not  particu* 
larly  .....  (interrupted) 

Maltman:  No,  nothing,  like  chit, 

Shinefiald:  Since  »•  mouse  is  such  a  bad  animal  for  staphylo- 

cocci,  some  of  the  more,  subtle  change*  might  bn  uvede  more  manifest 
with  other  animals. 

Mai fcman :  Perhaps;  we  have  not  pertor(Bed  this  type  of  test  In 

other  animals. 

Eichertwald:  Basically,  what  you  are  trying  to  suggest  is  the  fact 
that  virulence  of  scaphyloccec i  is  a  particularly  difficult  eoneept  be¬ 
cause  organisms  that  cause  human  disease  and  those  staphylococci  that 
do  not  cause  human  disease  are  indistinguishable  in  aminals. 

Maltcian:  Yea,  For  example.  If  you  allow  staphylococci  which  have 
had  a  drying  history  (where  you  can  show  infectivity  has  decreased)  to 
metabolize  within  a  lag  period,  then  infectivity  will  increase  ao  one 
suspects  that  some  of  these  cells  do  get  into  host  aite*  where  they  can 
incubate  and  increase  their  metabolic  activity  ia  order  to  return  to¬ 
ward  "normal"  capabilities. 

Middlebrook:  I  think  what  you  say  is  quite  true,  at  least  within 
the  experimental  design.  Dr.  Maitman  has  shown  differences  which  may 
or  may  not  be  relevant  to  our  clinical  problems.  It  may  or  may  not 
be  relevant  to  chose  properties  of  staphylococci  which  are  important 
in  human  virulence  --  but  still,  they  are  observations  and  I  think 
Chat  working  in  this  area  will  be  profitable.  'When  we  know  acre  about 
other  infective  properties  of  Staphylococcus  aureus ,  perhaps  this  type 
of  investigation  could  be  broadened;  at  least  you  did  see  differences 
in  the  disappearance  of  culturable  bacterial  cells  from  the  lung  de¬ 
pending  on  pre-treatment  of  the  organisms. 

Mai tman :  Not  only  from  lungs,  but  from  any  system  the  effective 

in  vivo  numbers  are  reduced. 
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SURVIVAL  OF  LYOPHILIZED  BACTERIA  DURING  STORAGE 


R,  J.  Weekly  and  R.  L.  Dtssaick 

Navel  Biological  Laboratory,  School  of  Public  Health, 
University  of  California,  Berkeley 


I  believe  chat  lyophilization,  or  rather  a  study  of  lyophilized 
organisms,  has  a  place  in  aerobiology,  because  freeze-dried  organises 
are  similar  to  airborne  cells  in  that  they  are  essentially  naked  and 
are  in  direct  contact  with  the  atmosphere.  Thus,  with  the  exception 
of  irradiation  studies,  we  can  subject  lyophilized  organisms  to  much 
the  same  treatment  as  the  airborne  cells.  Of  course,  lyophilization 
differs  considerably  from  aerosol izacion,  one  difference  being  that 
during  drying  of  cells  in  micro-drops  they  are  subjected  to  a  rather 
severe  stress  due  to  the  surface  tension  of  water  as  it  evaporates  from 
the  liquid  phase.  However,  one  might  use  this  difference  to  evaluate 
the  effect  of  surface  tension  on  aerosolized  microorganisms . 

Another  advantage  of  using  lyophilized  materials  is  that  such  bac¬ 
teria  can  be  subjected  to  a  wider  range  of  variables  than  when  they  are 
in  the  airborne  state,  Hiese  conditions  are  r.ot  necessarily  practical 
in  aerobiology,  but  by  using  extreme  conditions,  the  effects  of  cer¬ 
tain  factors  can  be  more  easily  demonstrated.  In  large  chambers,  such 
as  are  required  to  contain  aerosols,  it  is  difficult  to  reduce  the  hu¬ 
midity  to  near  zero,  whereas  this  can  easily  be  achieved  using  lyophi¬ 
lized  materials.  Small  containers  oi  lyophilized  organisms  are  also 
easily  subjected  to  either  extremely  low  or  extremely  high  temperatures. 

It  is  easy  to  obtain  precise  samples  of  lyophilized  organisms, 
since  we  need  not  be  concerned  witn  physical  loss,  and  large  samples 
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are  readily  available  l--r  physical  or  chemical  analysis. 
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FIG.  1.  Viability  of  lyophilized  Serrar.la  marcescens  held 
at  room  temperature  in  air,  The  8-day  samples  contained 
too  icmy  cells  to  count  in  the  highest  dilution  tested. 

Heating  waa  at  52  C  for  10  min  before  drying. 

Reproduced  frees  J.  Bacterlol.  <55  :  961-965,  196  3,  with  the 
permission  of  the  American  Society  for  Microbiology. 

It  hae  been  generally  assumed  that  freeze-dried  organisms  are 
dormant,  but  1  would  like  to  present  some  data  suggesting  that  this 
is  not  necessarily  so.  Usually  the  number  of  viable  cells  decreases 
during  storage  of  dried  preparations,  but  as  is  shown  in  Fig.  1,  we 
have  observed  instances  of  recuperation  In  triiich  the  number  of  viable 
cella  appeared  to  increase  during  the  storage  period.  In  this  instance, 
the  number  of  Serratla  marcescens  cella  that  foraed  colonies  increased 
at  least  2-fold  between  the  4th  and  12th  day  of  storage  of  the  lyophi- 
llzed  preparations.  Figure  2  shows  s  similar  recuperation  of  dry  Etch¬ 
er  ich is  coil.  This  experiment  waa  designed  to  determine  sdtat  effect 
the  method  of  growing  the  organisms  had  on  thsir  subsequent  survival 
In  the  lyophilized  preparations,  those  grown  on  solid  medium  survived 
better  when  stored  in  vacuum  than  those  grown  on  llqulw  culture'*. 
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FIG  2  •  An  instance  of  recuperation  during  storage  of  freeze* 
dried  Escher ich la  coll  grown,  on  nutrient  agar  and  in  broth. 

When  scored  in  air,  survival  was  poor,  and  there  was  no  significant 
difference  between  the  two  types  of  cultures.  There  seems  to  be  little 
doubt  thst  there  was  recuperation  between  the  let  and  5th  day  of  storage 
In  vacuum,  especially  of  the  plate  culture.  Perhaps  the  cells  in  some 
way  adapted  to  their  new  environment  during  this  period  so  that,  when 
reconstituted  and  plated,  they  were  better  able  to  grow  and  form  col¬ 
onies.  It  is  conceivable  thst  immediately  after  being  dried  their 
metabolic  balance  was  disturbed  and  that,  when  placed  in  a  liquid 
environment  some  of  the  cells  simply  were  caught  off-balance  and  per¬ 
ished.  S  <*  the  suouisti  change  of  -*  sir  environment  fie®  gas  to  liquid 
may  have  constituted  a  eevere  shock,  various  rehydration  procedures 
were  tried.  It  was  surprising  to  find  that  with  S,  gat Cticens .  more 
cells  survived  a  rapid  rehydrecion  (direct  addition  of  distilled  water) 
than  s  slow  rehydration  of  exposure  to  water  vapor.  In  aome  experi¬ 
ments,  over  100  times  as  many  cells  produced  colonies  when  water  was 
added  directly  as  when  the  cells  were  first  exposed  to  100*  relative 
humidity  (RH)  at  20  C  before  addition  of  the  water.  Wa  observed  the 
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greatest  effect  oi  high  Sfl  in  thore  pieparstions  subjected  to  addi¬ 
tional  drying  by  hasting  Co  iOO  C  St  10-20  *  Hg  for  1  hr.  it  is  in¬ 
deed  difficult  to  determine  Aether  or  not  cel  Is  art  dead  in  dry  prep¬ 
aration*  because  at  present  we  ?<ave  no  cr 1  let  ia ,  other  than  growth  or 
colony  production,  for  determining  viability. 

In  an  attempt  to  demonstrate  that  dry  bacteria  have  some  metabolic 
activity,  Dr  .  Dcassicit  used  a  »>crn-rfisp>it<j<ueteir  to  measure  the  gaseous 
uptake  of  dry  S,  marcescens .  At  low  moisture  levels,  the  ta:.e  was  so 
slow  chat  if  took  weeks  to  obtain  measurable  uptake.  Nevertheless, 
Significant  gaseous  uptake  (presumably  oxygen,  since  KOH  was  used  as  an 
sdaorbant}  was  demonstrated  and  furthermore,  the  rate  of  oxygen  con¬ 
sumption  increased  with  increasing  Humidity. 

Free-radical  production  by  dry  bacteria  over  a  period  of  days 
(Keck'iy ,  Diramieit  and  Windle,  1963}  also  is  evidence  of  some  kind  of 
activity,  because  f ree-radica Is  have  been  demonstrated  to  be  intermedi¬ 
ates  in  many  metabolic  systems.  Hots  sigi.lf icainly ,  both  iree-radical 
production  by  lyophilixed  S.  narceseens  and  death  were  greater  in  the 
absence  of  lactose  Char,  when  1  tose  had  been  added  to  the  medium  be¬ 
fore  drying.  There  was  a  corre..  ion  between  loss  of  viability  and 
free-radical  concentration,  but  not  in  direct  proportion.  In  no  in¬ 
stance  have  we  demonstrated  free-radical  production  by  organisms  that 
were  killed  by  mercury  salts  or  heating  before  iyoph il tea t ion .  A  cor¬ 
relation  between  free-radical  production  and  loss  of  viability  has  been 
shown  for  several  microorganisms  in  addition  to  S.  marcescens;  e.g., 

Sarc  ina  Kites.,  Micrococcus  rad  iodurans ,  bakers  yeast,  E.  col  i ,  and 
Streptococcus  lac t is .  Under  vacuum,  viability  was  maintained  and  min¬ 
imal  production  of  free-radical  was  observed,  whereas  in  air  the  same 
preparations  died  rapidly  and  free-radical  concentration  increased 
rapidly.  To-date,  free-radical  production  was  minimal  under  all  condi¬ 
tions  in  which  survival  of  organisms  high. 

Figure  3  summarises  a  more  extensive  experiment  using  S.  marcescens . 
There  was  no  significant  free-radical  production  in  ceils  stored  in  vac¬ 
uum,  whereas  the  free-radicai  concentric  ion  increased  rapidiy  in  prepar¬ 
ations  exposed  to  air.  Samples  represented  by  lines  A,  C,  and  E  did 
not  contain  lactose.  The  others  were  dried  from  an  0.5%  lactose  solu¬ 
tion,  Ihe  Electron  Paramagnetic  Resonance  "TPR)  spectrometer  signal 
developed  at  approximately  the  same  rate  in  the  samples  left  open  to 
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FIG.  3.  Effects  of  lactose,  sir,  and  moisture  on  free  radical  for¬ 
mat  <o  a  by  iyophilired  Serratla  mar ce scene.  A:  cells  suspended  In 
buffer,  dried,  and  packed  in  vacuum,  then,  opened  to  room  air  for  13 
days.  B:  cells  suspended  in  buffer  containing  0.57.  lactose,  packed 
in  vacuum,  then  opened.  C:  same  as  sample  A,  but  cells  packed  and 
sealed  in  air.  D:  same  .s  sample  B,  but  packed  and  sealed  in  air. 
E:  same  as  sample  A,  but  not  opened  until  after  14  days.  7:  same 
as  sample  B,  but  not  opened  until  after  14  days. 

Reproduced  from  J.  Bacceriol.  85:961-965,  1963,  with  the  permission 
of  the  American  Society  for  Microbiology. 
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the  air  (lines  A  end  B)  ss  in  those  that  were  sealed  inroad lately  after 
filling  with  air  (lines  C  and  l>)  ,  Although  no  signal  developed  in 
preparations  sealed  in  vacuum  (lines  E  and  F) ,  free-radical  production 
was  comparable  to  that  in  the  other  Cubes  as  soon  as  air  was  admitted. 
Note  that  the  rate  of  production  was  comparable.  When  sample  A  was 
placed  in  a  humidified  Jar,  the  signal  Intensity  returned  to  virtually 
zero  within  48  hr.  Moisture  uptake  was  probably  responsible  for  the 
alow  decay  of  the  EPR  signal  in  those  samples  open  to  air  (Lines  B,  E, 
and  F) .  In  this  experiment,  viability  was  maintained  better  in  the 
presence  of  lactose,  but  e  on  with  lactose,  997.  of  the  cells  were  no 
longer  viable  after  12  days'  storage  in  air.  It  is  evident  that  the 

presence  or  absence  of  a.t  FPR  signal  per  se  is  not  necessarily  signif¬ 
icant;  rather  it  is  the  change  in  signal  intensity  that  is  important. 
If  there  is  no  signal,  all  cells  may  be  either  dead  or  alive.  If  the 
signal  ia  increasing,  cells  are  probably  dying,  but  the  decre-.ing  sig¬ 
nal  does  not  signify  recuperation. 

Rtrortly  Blots  c t  al.  (1963)  described  an  EPR  signal  in  lyophi- 
lized  nucieoprotem.  Since  the  signal  he  described  as  at  g  -  2,  it 
could  be  due  to  the  same  free  radical  we  have  observed  in  our  lyophll- 
iied  organisms.  They  did  not  Indicate  how  the  signal  developed  or  the 
exact  conditions  of  preparing  and  storing  their  prepsratlons. 

Figure  4  shows  some  kinetics  of  the  lactose  protection.  In  this 
experiment,  a  17.  lactose  solution  was  added  to  each  of  two  S.  marces- 
cens  cultures.  6  and  12  hr  old.  At  frequent  Intervals,  after  adding 
the  wugar ,  samples  were  removed,  frozen  rapidly  and  dried.  Maximal 
protection  was  obtained  during  the  1st  minute.  The  horizontal  lines 
above  each  curve  represent  the  number  of  viable  cells  before  lyophil- 
Ization  (1007.  survival  level).  The  curves  remind  me  of  the  over-shoot 
of  a  recorder  with  insufficient  damping.  I  hesitate  to  Interpret  these 
results,  but  It  does  seem  to  be  more  Involved  than  a  simple  physical 
protection  of  the  cells  by  the  added  sugar.  Perhaps  the  cells  are 
reacting  to  the  change  of  environment  and  hsve  overeompensated  in  some 
manner . 

The  next  three  figures  pertain  to  an  experiment  in  which  cultures 
of  various  ages  were  lyophllized  after  either  slow  or  fast  freezing. 
As  s  slight  a  -ression,  I'd  like  to  consider  the  interpretation  of 
"death  curves"  such  e?  these.  According  to  s  common  concept,  a  plot 
of  the  number  of  viable  cells  vs.  time  of  storage*  such  ss  in  Fig.  5, 
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addition  of  a  final  concentration  of  1%  lactose  and 
befoTi  freezing.  Horizontal  lines  represent  100X 
recovery  level. 


represents  a  death  rata.  Implicit  in  the  rate  concept  is  the  assump¬ 
tion  that  all  of.  the  cells  have  an  equal  probability  of  surviving  and 
It  the  slope  of  the  curve  changes,  as  most  of  these  do,  the  culture 
must  consist  of  two  or  more  populations.  I  believe  that  siost  popula¬ 
tions  are  Indeed  heterogeneous,  and  perhaps  it  would  be  store  realistic 
to  consider  the  death  curves  as  representing  the  cumulative  results 
from  a  distribution  of  cells  having  various  survival  capabilities. 
Thus,  in  comparing  the  21-hr  and  24-hr  cultures,  we  find  that  the 
2!-hr  culture  contained  fewer  cells  capable  of  surviving  8  days  than 
did  the  24-hr  culture.  Considering  only  the  solid  line,  initial  slopes 
of  both  the  21-  and  the  24-hr-old  cultures  were  comparable. 

In  Fig.  5,  the  dotted  lines  with  the  large  marker  represent  the 
survival  of  lyophillzed  cultures  rspldly  frozen  by  immersing  small 
vials  containing  1  ml  of  culture  in  e  dry-ice  end  solvent  bath.  The 
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NO.  SURVIVORS,  LOG  SCALE 


number  of  viable  cells  after  2  days  storage  as  «  function  of  age  of  a 
culture  at  the  time  of  freezing.  For  reference,  the  growth  curve  is 
allow.  «s  line  l.  Line  2  represents  the  preparations  slowly  frozen  and 
dried.  The  extreme  sensitivity  of  4-hr-oid  culture  to  freeze -dry ing 
is  evident  The  solid  lirw  «ut*jss  the  top  of  the  slide  f  F i .  f> )  indi¬ 
cates  the  100?.  survival  level. 

Ai  i  oi  the  assays  in  this  experiment  were  made  on  two  media:  a 
simple,  chemically  defined  medium  (Bunting's)  and  a  complex  medium 
( trypt  icage-soy  agar),  because  it  w«?r  suspected  that  some  of  the  cells 
not  producing  colonies  were  not  dead,  but  failed  to  grow  because  they 
had  been  injured  and  had  lost  ability  to  synthesise  some  vital  con¬ 
stituent.  Figure  ?  summarizes  the  results  of  this  aspect  of  the  ex¬ 
periment.  Except  for  line  1,  which  is  the  growth  curve  fir  the  cul- 
tui e  &B  a  reference,  the  lines  represent  the  ratio  of  number  of  cells 
on  Bunting's  vs.  trypt lease -soy  agar  medium.  Thus  a  ratio  greater 
than  1  indicalcs  that  more  colonies  developed  on  Bunting's  than  on 
che  complex  medium.  The  left  portion  of  the  figure  pertains  to  the 
cultures  frozen  slowly  and  the  rig!  c  side  to  cultures  frozen  rapidly. 
Data  for  2  in®  a  2,  3  ar.d  4  were  obtained  after  2,  5  ana  8  days'  storage 
respectively.  Since  there  were  instances,  such  as  the  very  young  cul¬ 
tures  after  8  days'  storage,  in  which  ten  times  as  many  cells  grew  oil 
che  complex  medium  than  on  Che  Bunting's,  the  choice  of  assay  medium 
markedly  Influenced  the  results  obtained.  In  general,  the  most  ac¬ 
curate  estimate  of  viability  is  obtained  with  Che  complex  medium.  Hote 
that  in  only  a  relatively  few  instances  did  the  count  on  Bunting’s  agar 
exceed  that  on  complex  medium.  These  fluctuations  are  significant, 
but  I  doubt  if  identical  results  would  be  obtained  on  repeating  this 
exper  I'tsent ,  especially  with  regard  to  the  precise  age,  or  extent  of 
difference*,  because  there  are  *o  many  variable*  which  affect  the  be¬ 
havior  of  the  organism* ,  the  cyclic  nature  of  the  various  curves  ob¬ 
tained  in  these  studies  i*  obvious,  but  again  we  have  no  assignation, 
since  the  fluctuation*  do  not  seem  to  be  correlated  with  the  growth 
curve  . 

Ir.  view  of  all  of  these  fact*,  together  with  many  of  similar  im¬ 
plication*  already  in  the  literature,  1  have  difficulty  in  understanding 
why  aerobiologiat*  seem  to  deal  with  the  problem  of  airborne  bacteria 
a*  if  cells  were  somehow  not  living  systems  -  dynamic,  responsive  «nd 
each  unique.  Only  as  be  h«gin  to  obtain  a  complete  picture  of  the 
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behavior  of  microorganism*  and  chair  reactions  to  the  environment  can 
be  hope  to  understand  airborne  organises.  It  is  reasonable  to  suggest 
that  seore  attention  than  in  the  past  should  b«  given  to  details  of  wiiat 
ray  colleague  and  I  currently  tens  ‘’osicrcMai  rystessstita"  i»  studying 
the  various  survival  capacities  of  microorganism* . 


FIG.  7.  Change  of  plating  ratio  of 
a  function  of  the  age  of  culture  of 
aarceacena .  time  of  storage  and 
Left,  -20  C;  right,  -60  C.  Curve 
for  cooper iaon.  Curve*  2,  3,  and  4 
storage,  respectively . 


two  templing  media  as 
frees* -dr fed  Serratla 
freezing  temperature 
1  ia  the  growth  curve 
ere  2,  4,  and  8  day a ' 
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DISCUSSION 


Mar ton :  Dr,  Heefcly,  I  don’t  understand  this  slide  (Fig,  5)  in 

which  organisms  of  various  age  were  frozen  either  rapidlv  or  slowly 
before  iyophtlisaf ion,  particularly  the  1  hr,  2  hr,  3  hr  legend. 

Hackly :  These  are  the  ages  of  the  culture#  before  lyoph il  izat  ion ; 
that  is,  if  you  take  very  young  rvlfures,  the  number  of  ceils  chat  sur¬ 
vive  to  a  days  is  low.  The  dotted  line#  with  the  targe  dot  represent 
those  cultures  which  were  rapidly  frozen  bv  immersion  in  a  dry  ice 
tnethy tceilusolve  mixture.  The  others  were  slowly  frozen  bv  placing 
5  as  I  of  culture  in  a  relatively  large  bottle  in  a  -20  C  deep-  freeze . 
One  obviau*  thing  is  that  the  pattern  changes,  particularly  as  we 
progress  from  the  li-hr  to  the  24-hr  culture. 

Morton'  Does  the  media  used  to  culture  the  organisms  in  the  first 
place  affe't  viability; 

Heckly :  Of  course,  T  would  expect  it  to  do  so,  but  Bunting's  was 
used  as  a  medium  in  all  of  these  experiments . 

Morton;  What  if  you  had  put  an  additive,  such  as  skimmed  milk, 
in  your  medium? 

Weekly i  If  lactose  is  added  just  before  drying,  such  as  des¬ 
cribed  in  the  previous  paper  this  morning,  survival  would  be  improved. 
We. haven't  explored  the  effect  of  cysteine  or  sucrose  on  free  radical 
production  as  widely  as  we  h.-tve  the  effect  of  these  things  on  viability. 
We  have  just  now  obtained  our  own  E?R  machine  and  look  forward  tc  ex¬ 
ploring  this  problem  further. 

Morton;  Would  you  tell  me  a  little  bit  about  free  radicals  and 
how  they  are  measured;  (Question  passed  to  Dr.  DinmUck.) 

Simmick:  When  there  is  an  unpaired  electron  in  a  molecule,  that 

molecule  is  known  as  a  free  radical.  It  is  what,  in  your  early  chem¬ 
istry,  you  might  have  been  taught  could  not  possibly  exist;  i.e.,  a 
broken  covalent  bond.  These  are  highly  reactive  portions  of  molecules 
that  have  had  electrons  added  to  them  in  some  way  or  another,  they  are 
in  a  high-energy  state;  for  example,  most  peroxides  are  £re<=-  radicals. 
The  device  used  tc  measure  chem  is  not  too  important  from  our  aspect, 
and  I’m  not  sure  I  could  explain  it,  anyway .  The  instrument  mosc 
commonly  used  is  built  by  Vartan  and  can  detect  about  10^  molecules, 
or  spins.  The  important  thing  is  that  often,  when  an  enzyme  catalyzes 
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a  reaction,  there  appears  to  be  a  moment  when  it  has  split  the  sub¬ 
strate  molecule  apart  and  list  not  quite  put  it  together  again  in  so®* 
other  form.  These  two  fragmenrs  are,  in  many  instances,  free  radical* 
They  are  highly  reactive,  so  they  don’t  lags  very  long,  especially  if 
moisture  is  present.  this  is  why  we  eoamaniy  don’t  find  them  in  a 
moist  state  for  any  length  of  tlaws.  But  in  the  dried  state,  they  are 

more  or  less  stabilised  and  this  allow*  us  Co  measure  them. 

itecklv :  Apparently  there  is  no  predominating  theory  of  why  free 

radicals  ere  produced  in  the  dried  state.  We  may  have  just  blocked 
one  part  of  an  ensyme  mechanism,  so  that  you  have  an  accumulation  of 
those  particular  free  radicals.  This  Is  whs t  we  think  right  now. 
There  is  usually  a  gradual  decay,  so  that  most  of  these  free  radical 
curves  that  1  have  shown  probably  represent  an  equilibrium  condition. 
Of  course,  we  could  be  observing  a  simple  oxidation,  but  it  is  diffi¬ 
cult  to  explain  why  this  does  not  happen  with  dead  ceils. 
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VIABILITY  OF  MICROORGANISMS  USING  A 
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For  same  time  now  we  have  been  looking  it  to  ways  and  means  of 
studying  the  survival  properties  of  organisms  subjected  to  atmospheric 
stresses  but  free  from  the  mechanical  and  associated  stresses  normally 
encountered  ir.  conventional  aerosol  techniques  involving  spraying  and 
sampling.  Admittedly,  from  a  practical  viewpoint,  the  type  of  equip¬ 
ment  in  common  laboratory  use  represents  a  reasonable  approximation  to 
both  the  neture  and  sequence  of  the  numerous  stresses  imposed  on  the 
organism,  in  that  the  cycle  of  suspension  -  ataasixation  -  equilibra¬ 
tion  -  equilibrium  -  collection  -  suspension  is  rarely  short-circuited. 
The  main  drawback  of  the  system  it  the  difficulty  in  isolating  the  var¬ 
ious  stages  of  the  cycle  and  hence  the  possible  interplay  between  these 
stages.  This  hinders  interpretation  of  the  results.  If  ve  wish  to 
understand  what  is  happening  to  an  organism  subjected  on'  to  atmos¬ 
pheric  stresses,  then  it  is  necessary  to  devise  a  different  type  of 
apparatus  so  that  itchari'a!  ,.ies>ea  can  be  eliminated  or  minimised. 
The  need  for  such  apparatus  is  2-fold;  first,  we  wish  to  determine  the 
extent  to  which  viability  is  lost  in  the  airborne  phase  and  not  merely 
measure  the  difference  between  unsprayed  material  and  that  recovered 
from  the  sampler;  second,  wc  believe  that  the  function  of  chemical 
svto.ancei  g!-veiiit..g  -he  surviiil  of  the  organism  •?  —oaf  likely  to  be 
recognised  by  these  means.  In  practice,  w*:  have  to  admit  that  the  air¬ 
borne  phase  cannot  be  isolated  because  a  bio-assay  tor  viability 
inevitably  results  in  physical  and  chemical  stressing  of  the  organisms. 
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but,  as  you  will  see,  at  least  sense  control  can  be  exercised  in  the 
recovery  and  assessment  phases. 

We  have  examined  two  ways  of  producing  unstressed  droplets  con¬ 
taining  bacterial  cells.  One  has  so  far  proved  unsuccessful ,  but  the 
other  has  beers  in  regular  use  for  2  yr  or  mare  end  has  been  employed 
in  producing  the  experimental  results  I  shall  be  presenting  iater.  ihe 
unsuccessful  method  I  will  briefly  describe  because  we  badly  need  a 
facility  of  this  type,  and  it  sight  stimulate  som  ideas.  Essentially, 
drops  of  predetermined  size,  but  within  the  size  range  usually  associ¬ 
ated  with  aerosol  work,  were  produced  by  a  vibrating  reed.  The 
drops  could  equilibrate  in  the  top  section  of  a  vertical  tube  and  would 
be  maintained  buoyant  by  an  upward -moving  cundition-ed  airstream.  After 
the  requisite  holding  period  the  particles  would  be  allowed  to  fall 
under  gravity  into  a  suitable  collector.  Considerable  difficulties  were 
experienced  in  stabilising  the  coltam  because  of  sensitivity  to  thermal 
and  electrostatic  force*.  Dr.  Cox  spent  much  time  in  combating  these 
difficulties,  but  it  became  evident  that  it  required  full-time  investi¬ 
gation  by  a  smell  team, ard  the  problem  is  now  to  be  tackled  by  a  Uni¬ 
versity  as  an  extra-mural  research  item. 

The  other  method,  which  we  call  the  fibre  technique,  is  quite 
different  and  deals  with  single  drops  of  a  much  larger  size.  It  was 
intended  that  the  two  methods  should  be  complementary  rather  than 
alternatives,  the  fibre  method  handling  drops  larger  than,  say,  50  si 
diameter,  and  the  column  method  from  50  u  downwards.  Hie  fibre  tech¬ 
nique,  since  it  employs  single  drops,  is  usually  concerned  with  sizes 
of  100  U  or  more  in  order  Co  contain  a  sufficient  number  of  organisms 
to  give  reliable  and  reproducible  results.  In  any  case,  the  smallness 
of  the  drop  is  limited  by  surface  tension  effects  and  it  is  this  size 
factor  which  is  the  most  criticizable  feature  of  the  technique;  if 
particle  size  is  important  in  determining  viability,  then  this  method 
will  not  accurately  portray  the  behavior  of  the  small  particles  which 
constitute  the  normal  aerosol. 

The  essence  of  the  technique  is  to  deliver  from  a  microsyr inge  a 
small  quantity  of  mixed  suspension  containing  the  test  organism  and  a 
spore  tracer.  Using  a  micromanipulator ,  the  fluid  is  transferred  to 
a  fine  glass  fibre  lying  across  an  orifice  uiiough  which  saturated  air 
is  passing  (Fig.  1).  The  figure  shows  at  the  top  the  droplet  forma¬ 
tion,  followed  by  stage#  uf  evapor at  ion  co  sol idif leaf  ion  at  the  bottom. 
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FIC.  1.  Stages  of  evaporation  of  a  droplet  on  a  glass  fibre. 


In  practice,  a  plastic  box  fitted  with  a  lid  with  six  orifices  was 
used  so  chat  up  to  six  fibres  could  be  charged  in  any  one  experiment 
(Fig.  2).  the  air  supply  was  so  arranged  that  saturated  air  could  be 
replaced  by  conditioned  air  at  a  selected  rate  depending  upon  the  eir 
velocity  chosen.  It  was  thus  possible  to  control  the  evaporation  rate 
of  the  suspended  drop.  After  exposure,  the  fibre  could  be  res»ved  by 
forceps,  dropped  into  collecting  fluid,  and  the  contenta  aaaeaaed.  the 
drops  could  be  observed  optically  by  aounting  the  plastic  box  on 
the  ooveable  stage  of  a  microscope  and  it  proved  a  valuable  feature  of 
the  technique  (Fig  3), 
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FIG,  2.  Plastic  box  uaed  to  hold  glass  fibres  in  conditioned  air. 


The  fibre  method  has  been  used  in  a  number  of  ways: 

1.  Correlation  of  the  behavior  of  solutes  on  evaporation 
with  survival. 

2.  Measurement  on  the  influence  of  rates  of  evaporation  and 
rehydratior,  on  survival. 

3.  Comparison  of  survival  on  the  fibre  and  in  aerosols. 

Dealing  first  with  behavior  of  solutes  on  evaporation,  it  is 
clear  that  nearly  all  solutions  supersaturate  heavily.  Crystallisation 
fro®  the  inetaatabie  state  Is  markedly  variable;  some  solutes  refuse  to 
crystallite  under  any  conditions;  others  readily  crystallise  but  only 
nor.-reproducibly  either  in  terns  of  the  relative  humidity  (RH)  or  the 
time  lag  at  any  particular  humidity,  other  factors  iueh  as  batch-to- 
batch  variations  are  also  noticeable.  Substances  which  crystallise  ap¬ 
pear  to  be  poor  protectors;  many  inorgan and  organic  salts  come  into 
this  category.  However,  crys ta 1 1 ixa t ion  alone  it  not  the  controlling 
factor  for  it  is  linked  with  the  rehydratlon  process  and  this  can  best 
be  demonstrated  by  example 
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FIG.  3-  Arrangement  of  fibre*  end  box  on  microscope  stage. 


For  e  long  time  we  were  purtled  by  the  high  death  rate  of  a  num¬ 
ber  of  bacterial  species  when  sprayed  from  solution*  of  mannitol  com¬ 
pared  with  other  hexitol*  or  sugar*.  Mannitol,  unlike  the**  other 
compounds,  can  crystallixe  on  evaporation,  often  at  a  high  RH .  Occa¬ 
sionally  it  is  possible  to  create  successive  droplets  at  a  given 
humidity,  only  one  of  which  crystal  1  izes .  Table  1  shows  how  Che  dif 
ferent  end- states  affect  survival. 
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*  Crystallisation, 


You  wiii  notice  a  substantially  higher  level  of  suryival  when  the 
aa n«U col  fails  to  crystal! ize,  but  perhaps  more  important  is  the  influ¬ 
ence  of  controlled  rehydration,  Tills  Is  achieved  by  exposing  the  drop 
to  saturated  air  until  swelling  ceases  before  dropping  into  collecting 
fluid.  The  increase  in  viability  is  small  for  the  crystallised  tirop 
but  large  for  the  supersaturated  one.  It  Is  likely  that  a  similar  re¬ 
sult:  could  have  been  achieved  by  i«i«g  a  collecting  fluid  of  high  os¬ 
motic  pressure  instead  of  re-wetting  the  drop  and  collecting  in  phos¬ 
phate  buffer.  Ti»e  inference  is  not  only  that  the  act  of  crystalliza¬ 
tion  permits  further  evaporation  to  take  place,  desiccating  the  cell 
to  a  greater  degree,  but  also  that  rehydration  occurs  at  a  different 
rate  from  the  supersaturated  cell  and  physically  stresses  the  cell  ac¬ 
cordingly.  However,  you  will  see  in  a  minute  that  there  is  no  simple 
rule  concerning  the  influence  of  rehydraticm  rate.  Aainocaproic  acid 
is  another  substance  that  crystallises  in  e  variable  manner  and  gives 
result*  similar  to  mannitol. 

Turning  now  to  rate  of  evaporation  and  rehydration,  the  fibre 
technique  has  been  used  to  examine  the  way  in  which  controlled  evapora¬ 
tion  and  rehydrat ton  affect  survival.  So  far  as  evaporation  it  con¬ 
cerned,  we  have  not  discovered  any  significant  effect  on  survival.  Of 
course,  we  should  remember  that  although  the  evaporation  rate  may  be 
similar  to  that  occurring  in  fine  aerosols,  the  time  taker  by  these 
relatively  large  drops  to  ccune  to  equilibrium  is  very  much  longer  -- 
in  this  sense  the  comparison  is  poor.  Rehydration,  however,  preaentt 
a  very  different  picture. 
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TABf.f  2.  Influence  of  rehydration  in  viability.  Survival  of 
Escher  ich  is  col  i  16.3  in  various  fluids  at  50%  RH 
Molding  Time  30  min 


Spray  Fluid* 


Collecting 
Fluid  ! 

Sucre*  1 

1 

SHF| 

t 

teii  ■■ 

mast*  I 

10%  1 

[  iX  dextran  +  sucrose 

0.2  M  ■ 

0.3  M 

f 

(0.4  .« 

D ext ran 

I  m| 

15  M 

2  H 

[4-5  M 

Buffer 

IS  j 

iw 

24" 

t 

f  i 

16  1 

i  25 

E-^Sirtta^ 
60  | 

56,50 

25,33 

buffer 
(rehyd . ) 

I 

4?  j 

;  i 

!  49 

69 

16  j 

■ 

! 

1 47 

60 

90,48 

63 ,33 

2  N  Sucrose 

53 

L_j 

6  y 

-- 

1  -  ! 

‘ra-ani 

| 

56,98 

xMswsessaa 

Number s  are  %  viability, 

*  All  spray  fluids  contain  buffer. 

I  Three  decerrainat Ions ,  holding  time  15  min. 


You  will  see  from  Table  2  chat  controlling  the  rehydration  either 
by  exposing  the  drop  to  saturated  air  before  collecting  or  by  using  a 
collecting  fluid  of  high  osmotic  pressure  can  have  an  important  effect 
on  the  result.  The  Table  unfortunately  gives  the  impression  of  lack  of 
reproducibility,  but  this  is  largely  traceable  to  media  preparation 
(X  am  showing  results  collected  over  a  period  of  time);  under  well  con¬ 
trolled  conditions  a  group  of  results  shows  better  agreement.  ffever* 
theiess,  fluctuation  in  response  to  controlled  rehydrsticn  is  quite 
common  from  batch -to-bacch .  The  so-called  osoocic  effect  whereby  death 
of  the  cell  is  attributed  to  an  imbalance  between  the  response  of  the 
cell  wall  and  the  rate  of  Inflow  of  water,  is  not  reproducible  with 
any  regularity.  Such  transient  hypertonic  states  often  can  be  pre¬ 
vented  by  controlling  the  rate  of  rehydration.  I  think  it  not  un¬ 
reasonable  to  assume  that  the  physical  propertleaof  the  cell  wall  vary 
and  that  we  need  not  look  further  for  the  cause  of  death  in  these  par¬ 
ticular  circumstances.  Where  controlled  rehydration  produces  the  re¬ 
verse  result,  namely  that  survival  decreases,  en  alternative  reason  is 
needed.  The  example  given  in  Table  2  is  provided  by  cells  suspended  In 
supernatent  fluid  but  other  samples  exist  •-  phosphate  buffer  can  show 
the  same  phenomenon,  but  sc  high  humidity.  Perhaps  the  reason  here  is 
that  prolonged  exposure  to  high  concentrat tons  (possibly  critical  con¬ 
centrations)  results  In  death  due  to  chemical  or  metabolic  activity 
rather  that  just  physical  stresses.  There  is  a  measure  of  evidence 
that  lethal  tones  occur  in  conditions  of  high  humidity  and  that  the 
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death  tffltes  in  these  zones  can  be  very  high. 

Finally,  it  is  interesting  to  compare  survival  on  the  fibre  with 
that  in  aerosols-  In  breed  terms,  agreement  is  quite  good  although 
the  bias  is  lot  higher  survival  or.  the  fibre.  In  fact,  of  the  large 
number  of  chemical  substances  examined,  only  glycerol  and  erythritol 
gave  rise  tv  consistent  dlfi'erences  in  survival,  the  better  survival 
again  being  obtained  on  the  libra. 

It  is  i>;>t  easy  to  explain  the  reason  tor  the  behavior  obtained 
with  glycerol  and  erythritol,  especially  since  ethylene  glycol  does 
not  exhibit  the  same  property.  It  is  conceivable  that  since  the  in¬ 
terval  required  to  evaporate  a  large  drop  is  greater  than  for  a  small 
drop,  more  glycerol  or  ervthritol  penetrates  the  cell  when  the  fibre 
technique  is  employed  and  perhaps  maintains  the  characteristic  shape 
of  the  cell  better  than  in  fine  aerosols.  The  higher  stresses  one 
might  expect  to  find  as  a  result  of  osmotic  phenomena  are  overt  >■« ie,  to 
a  degree,  in  the  fibre  technique  by  the  slow  rate  of  rehydrati  'fi  when 
the  fibre  is  dropped  into  collecting  fluid  and  the  ceils  disperse*,  by 
hand-shaking.  That  ethylene  glycol  does  not  fit  the  pattern  is  more 
readily  explained  by  the  fact  that  ceils  will  not  tolerate  very  high 
corceutrat ions  of  glycol  in  liquid  suspension,  whereas  they  live  for 
quite  long  periods  in,  say,  10  H  glycerol  or  saturated  erythritol 
solution . 

DISCUSSION 

Mor ton :  „,i*t  do  you  think  about  droplet  pop-u  lac  ions?  I  mean, 

anything  from  one  per  droplet  up  tc  very  large  number  a  of  organism*. 
What  effect  does  chi*  have! 

Silver  ;  I  can't  completely  answer  that.  Certainly  „n  some  of 
the  other  work  that  I  did,  I  used  a  variable  population,  but  not  delib¬ 
erately.  We  appreciate,  of  course,  that  in  order  to  get  an  answer 
which  is  meaningful,  you  must  start  off  with  pretty  reasonable  numbers 

Mor  ton :  Ve»,  but  you  do  still  obviously  have  latitude  hers.  You 
can  scudv  a  very  wide  range  and  still  make  a  practical  experiment  out 
of  it  . 

Silver  :  My  observation  is  that  we  have  not  studied  this,  other 

than  aemi -ecc iden tal Iv ,  and  inasmuch  at  we  have,  we  have  noticed  no 
dif  ferer.ee . 
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ghon :  In  view  of  the  rapid  evaporation  of  extracellular  water 

that  could  ensue  when  a  droplet  is  disseminated  at  a  reasonably  low  KM, 
and  the  attendant  concentrating  of  solute  peripheral  to  the  cell,  and 
in  view  of  the  almost  instantaneous  plasmc-lysis  that  occurs  when  cell* 
era  exposed  to  hypertonic  solutions,  l®  there  «iy  reason  to  believe 
that  these  cells  would  be  anything  other  than  completely  plesatolyred? 

Silver :  Weii,  suppose  vou  start  oft  with  »  solute  ecncentrst ion 

which  is,  shall  we  say,  below  the  plasaolytic  level.  To  begin  with, 
at  least,  they  are  certainly  not  p lasmolyzed . 

V'.f'TF* :  One  would  have  to  stipulate  that  this  is  just  below  the 
plaseiolytic  level  at  the  time  cells  are  aerosolized,  'Hus  could  be  an 
extremely  dilute  solution  which  will  fairly  rapidly  achieve  a  concen¬ 
trated  or  saturated  level. 

Silver :  Yes,  but  everything  else  is  concentrating,  too;  water  is 
leaving  the  system. 

Shon ;  Well,  this  is  plasmolysis,  is  1l  not? 

Silver  ■  i’ll  shift  my  ground  in  a  minute  and  ask  you  what  you 
mean  by  plasntoiygia .  It  is  not  plasmolysis  to  me;  to  me  plsaraolysis 
is  the  separation  of  the  plasma  1  membrane  from  the  ceil  wall. 

Show :  So,  that  is  only  one  manifestation  of  p lasmolyg is . 

Silver :  It  is  the  one  you  normally  see.  It  is  the  one  you  nor¬ 

mally  are  able  to  recognize- 

Middlebrook:  I  think  it  is  very  important,  because  I  can't  under¬ 
stand  why  «  cell,  any  cell,  can  survive  under  these  conditions.  Ever 
with  distilled  water,  substances  come  out  of  the  cell,  into  the  droplet. 
At  a  RH  of,  say,  50?.,  the  rate  of  evaporation  is  enormous,  and  I  wonder 
if  any  cooling  would  take  place.  Does  anyone  know  anything  about  the 
thermodynamics?  Is  there  a  period  of  tremendous  cooling  here? 

Goldberg:  Your  observation  shout  an  enhanced  recovery  due  to  the 
change  of  rate  of  nydration  is  interesting.  When  you  meaeure  ability 
to  colonise,  you  can't  relate  it  back  to  particular  steps  --  let’s  sey, 
the  serosol  step,  or  the  droplet  step,  where  you  were  relating  it  back 
to  a  multiple-step  process;  the  statement  that  the  cell  was  alive  or 
dead,  so  to  speak,  can't  really  be  made.  It  is  all  too  often  that  you 
see  a  high  oversimpi if icst ion  U  these  multiple-step  processes  in  terms 
of  the  drop  containing  live  or  dead  cell*  at  a  particular  time.  We 
don't  know  where  to  assign  the  death  process  yet! 


*  VFTF  »  Voice  from  the  floor. 
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Silver :  I  quite  agree,  but  ther®  la  no  alternative .  Me  have  to 

experisic-rsf  and  try  to  draw  conclusion®.  This  is  relevant  to  what  Cr . 

•fc 

Morton  said  yesterday  when  he  wa*  reviewing  procedure  when  he  was 
drawing  on  the  blackboard  criticizing,  justly,  the  way  we  go  about  it. 

I  mean,  he  knows  tne  problem  at  well  as  anybody  else;  he  could  just 
as  easily  defend  what  we  do .  If  we  wa?\t  to  find  out  in  detail  what  is 
happening  to  an  organise®,  this  is  the  sort  of  approach  we've  got  to 
maintain,  in  a  way  wore  refined,  even,  than  we  have  been  doing  It. 

Lev  toe  i  I  suppose  I  should  know  the  answer  to  it,  but  why,  as 
evaporation  proceeds  tar  enough,  does  not  sucrose  crystallize  in  a 
manner  analogous  to  mannitol! 

Silver :  Well,  because  it  is  a  property  of  soluble  substances. 

Levine :  Surely  the  sucrose  crystals  do  eventually  appear. 

Silver:  I  suppose  they  could  appear  if  you  assume  chat  you  get 

a  suitable  nucleus  formed  with  the  right  sort  of  properties.  Dr. 
Record,  who  is  concerned  with  freeze-drying  studies,  found  that  one 
apparently  can  hold  droplets  of  sucrose  In  virtually  zero  RH  conditions 
for  weeks  and  not  see  a  crystal  form.  Sodium  glutamate,  magnesium 
glutamate,  and  other  sugars  do  che  same.  Some  substances  will  crys¬ 
tallize  easily  --  dulcito!  will  start  coming  out  at  about  30£  RH,  and 
you  never  see  it  come  out  until  you  do  get  down  to  that  level  of  dry¬ 
ness.  Dr.  Record  has  some  samples  of  glucose  that  he  had  dried  right 
down  to  so-called  freeze-dry  states  and  they  were  just  super-saturated, 
glassy  masses.  They  just  don't  crystallize 

VPTF:  Well,  do  they  hold  some  water  in  spite  of  the  hydrogen 

bonding! 

Silver:  This  is  an  interesting  question.  You  see,  what  happens 
when  the  substance  crystallizes  is  that  there  is  little  to  show  that 
water  is  being  lost  from  the  system  Nevertheless,  of  course,  the 
fact  that  you  have  got  a  thick  viacoua  fluid  surrounding  an  organism, 
to  my  mind,  permits  further  evaporation  to  take  place,  You  may  row 
have  a  solid,  and  what  sort  of  matrix  exists  in  this  situation?  But 
in  theory,  anyway,  evaporation  could  go  on.  It  may  be  that  with  the 
super-saturated  droplet  you  have  a  rather  artificial  condition;  the 
true  humidity  you  have  in  your  suspended  droplet  is  not  that  which  the 
ambient  RH  will  necessarily  tell  you. 


*  See  Page  186, 
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VT  IT :  Can  you  actually  see  the  substance  as  ic  crystallises? 

Silver :  Oh,  yes.  1  don’t  know  what  you  would  want  to  do  with 

this  other  than  to  prove  that  if  the  substance  does  crystallite.  It 
is  going  to  he  harmful .  Surely  this  doesn't  surprise  anybody,  but  it 
is  nice  to  he  able  tr>  see  It- 

Zlgsaerman:  X  think  that  there  are  two  different  conditions  that 

Involve  the  solution  and  the  cry®  ta  1  i  <  rat  inrt  of  sugars.  On*  Is  the 
behavior  of  pure  solutions  with  sugars;  the  other  is  the  behavior  of 
contaminated  sugars  Fra®  what  i  have  read,  a  thing  that  causes  sugar 
refiners  grief  is  the  fact  that  s  assail  amount  of  contamination  in  a 
sugar  solution  will  change  its  behavior  complete iy ;  the  solution  wilt 
refuse  to  crystallize  when  they  know  there  is  another  40 %  of  sucrose 
present.  And  the  explanation  which  has  been  suggested  to  me  by  reading 
is  that  sugars  in  general  form  these  lactal  ranges;  1,5;  2,5;  and  2,6. 
So  you  have  a  variety  of  molecules  with  different  structures,  and  the 
property  of  crystallisation  is  related  to  the  symmetrical  arrangement 
of  uniform  molecular  configurations  in  a  regular  pattern.  Since  there 
is  a  multiplicity  of  patterns  of  sugar  molecules;  that  ia,  sugar  mole¬ 
cules  of  different  structures,  they  obstinately  refuse  to  crystallite 
except  after  extended  periods  of  time.  If  you  deliberately  contaminate 
them,  as  we  did  some  time  ago,  you  find  that  sugar  solutions,  tfiich 
when  they  are  pure  all  have  different  pattern*  of  crystallization,  will 
then  assume  pretty  much  the  same  general  characteristic  behavior. 

Silver :  I  should  add,  when  I  talk  about  crystallisation,  I  am 
talking  about  crystallization  in  the  presence  of  bacterial  cells.  I  am 
not  just  limiting  myself  to  whst  happen*  to  pufe  solutions. 

VTTFi  Do  you  suppose  that  the  bacceriai  cell,  a  microorganism, 
an  infectious  agent  that  has  to  be  transmitted  from  one  host  to  soother 
vis  the  sir  route,  in  •  tense  would  have  tom*  genetic  advantage  if  it 
released  some  material  Into  its  environment? 

Silver :  Of  course  there'll  be  lots  of  material*  in  the  environ¬ 
ment  of  the  cell.  For  instance,  in  a  tu betel*  bacillus,  th*  droplet 
it  peculiarly  protected  by  the  nature  of  the  material  of  mucus,  and  so 
forth.  If  this  would  protect  it,  then  it  could  be  some  advantage  which 
would  be  reflected  in  some  metabolic  characteristic  of  thesi  cells. 

VTTF :  Well,  in  any  case,  of  course,  we  have  bean  thinking  about 

transmission  of  disease  m  a  problem  Involving  rehydration  rats.  Again, 
just  how  important  Is  that.  In  what  manner  and  at  what  speed  do  cell* 
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rehydTate  8$  they  go  through  the  respiratory  tract  and  deposit  them¬ 
selves  on  the  lung,  and  what  for*  of  collection  la  possible  which  re- 
produces  the  process?  I  don’t  know  whether  ve  want  to  discuss  this, 
but  crlricisa  of  any  type  of  ordinary  iatpinger  i*  just  that  it  fails 
to  achieve  this,  How  such  closer,  if  at  all,  is  taking  a  glees  fibre 
out  of  a  be*  and  dropping  it  into  fluid"  la  this  a  poor  representative 
or  not  of  the  source  of  rehydrst tor  when  compared  to  s  particle 
dropped  en  the  lung? 

vrrr ;  It  *eea$  to  Etc  that  one  of  the  unfortunate  things  about 
emphasis  upon  lab  situation*  is  that  a  lot  of  money  ha*  been  spent  on 
tha  investigation  of  microorganisms  in  experimental  droplets,  and  very 
little  money  is  being  spent  on  Che  kind?  of  environment  that  micro 
organisms  find  themselves  in  under  natural  conditions  of  transmission 
of  infectious  agents  by  the  air.  Has  anyone  studied  either  at  Porton, 
NBL,  ar  Detrick  what  happens  to  microorganisms  in  mucus,  or  various 
types  of  mucus  medium? 

Kethley :  We  have  done  a  great  deal  of  work  using  beef  extract 
solids,  or  saliva  solids,  to  simulate  this  as  nearly  as  possible,  and 
we  find  the  same  problems  we  found  with  all  of  the  other  suspending 
materials.  It  depends  upon  the  organism  you  are  using  and  a  number  of 
other  factors;  in  other  words,  results  are  responsive  to  temperature, 
source,  humidity,  strain  of  the  organism,  time  of  the  year  --  all  of 
these  variables  intervene.  But  cells  do  survive  better  than  in  some 
of  the  generally  used  simple  preparations.  Certainly  not  as  well  as 
in  the  excellent  admixture  studies  Dr,  Zimmerman  has  described.  So 
there  is  a  similarity  of  problems,  even  though  there  seems  to  be  a 
great  difference  in  the  composition  of  these  substances.  However, 
crystallisation  is  never  a  problem  because  of  the  contamination  of 
such  materials.  It  la  impossible  to  demonstrate  the  crys tal 1 itat ion 
of  such  materials.  It  is  impossible  to  demonstrate  the  crystallisa¬ 
tion  of  potassium  chloride,  for  example,  which  is  your  commonest  crys¬ 
talloid,  In  beef  extract  or  saliva.  You  can  dry  the  scuff  out  and  make 
ameara  and  send  them  to  the  X-rey  lab  and  never  find  any  cryatals;  so 
that  crystallisation  is  not  a  true  property 

Goldberg:  In  atudying  aerosol#,  by  and  large,  one  observes  quite 

good  aurvivel  at  a  very  low  RH,  poor  recovery  in  the  intermediate  RH, 

and  good  viability  at  higher  RH.  Do  you  have  any  cluss  by  this  drop¬ 
let  technique  of  a  transition  sons  from  intermediate  t-  low  RH  which 
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would  t*nd  to  give  *  clue  *«  tx>  the  phyuleal  parameters  we  sight  isanip- 
ulace  in  that  way? 

Silver :  This  is  a  very  interesting  point.  I  chink  it  ia  agreed 

that  thia  ia  s  toucan  observation,  Of  course,  if  you  really  set  to  it 
co  see  whether  thia  i*  sserely  the  way  nature  organised  it  or  whether 
it  ia  a  laboratory- induced  variable,  you  can  alter  Che  shapes  ei  thee* 
curvea  in  a  large  number  of  way*.  But  I  don't  know  that  we  should  go 
too  far  in  trying  to  explain  the  normal  observation*.  I  as  impressed 
by  Che  variation  that  reaults  from  the  more  casual  change#  in  the  for¬ 
mulation  of,  let  ’  a  #ay ,  the  growth  medium  or  even  the  temperature  or 
growth  rate.  Let'*  take  an  example  tike  Escherichia  coll  again.  If 
you  formulate  the  medium  for  growing  jl,  coil  in  a  certain  way,  and  give 
the  product  to  George  Harper,  he  may  find  that  in  hi*  drum  at  high 
humidity  he  haa  to  wait  until  the  next  day  before  he  can  notice  much 
of  a  fall-off  in  viability.  Ia  thia  a  "natural'*  state  of  affair*? 
Conversely,  by  putting  in  a  pinch  of  something  else  to  get  a  complete 
transformation  in  viable  recovery  you  *viy  ewamp  the  sort  of  transition 
that  you  usually  get  when  going  from  one  Sfi  to  another.  Admittedly, 
this  remains  a  problem,  but  to  my  mind  X  don't  want  to  be  side-tracked 
by  this  effect  of  the  different  RH .  I  am  trying  to  look  at  the  prob¬ 
lem  in  a  more  general  way. 

Dlnwlck:  I  think  that  we  have  anothe-  problem  that  should  be 

mentioned.  While  we  have  instance*  where  we  have  almost  no  death  at 
the  time  we  eerosollee,  we  have  other  inecsntei  where  we  get  e  rather 
rapid  loa*  of  viability  followed  by  a  few  ceils  that  survive  almost 
indefinitely.  These  come  from  the  seme  population.  If  you  recultivate 
survivors,  they  uaually  produce  the  seme  sort  c?f  death  pattern  as  be¬ 
fore,  end  yet  somehow  these  cell*  are  different,  Perhaps  investigation 
of  these  few  survivors,  the  aiechenism  that  causes  them  to  live,  ia  one 
of  the  factor*  that  we  should  pay  aome  attention  to. 

Silver:  Well,  we  have  just  begun  now.  Soma  more  people  in  For  ton 
have  become  interested  in  this  nroblem  and  started  thinking  about 
working  on  a  microscale  in  which  you  look  at  individual  droplats, 
quite  small  ones  now,  containing  small  numbers  of  organisms  looking 
at  the  whole  of  the  field.  In  other  words,  you  examine  the  total  con¬ 
tents  and  aae  how  they  respond  to  a  wlda  variety  of  tests,  how  quickly 
they  grow  end  how  they  respond  to  different  metabolic  feeding  condi¬ 
tions.  In  fact,  on  e  slightly  bigger  scale,  wa  have  been  doing 
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that  now  for  the  last  year  or  so,  end  T  can't  take  time  oft  to  talk 
about  results,  I'm  afraid,  but  they  confine  what  you  suggested;  that 
you  get  practically  a  whale  spec  truss  for  tire  recovered  organism  from 
those  which  grow  after  the  lag  phase  in  a  fairly  normal  way,  much  <» 
same  as  if  you  inoculate  a  broth,  down  to  those  which  show  no  sign 
of  life  at  all.  In  between  you  can  get  «  whole  spectrum  of  behavior, 
growing  oblong  sausages  not  dividing,  dividing  but  dividing  slowly, 
dividing  a  few  times  and  then  stopping. 

Otmralek:  Have  you,  yourself,  actually  ®ade  observations  of  this 

sort?  this  aatuas  to  ae  to  be  very  important. 

Silver :  Oh,  yes.  It  is  particularly  true  that  if  you  spray  from 
water  you  tend  to  exaggerate  these  conditions,  Ilie  cells  clearly  have 
a  reduced  capacity  to  manufacture  everything  that  they  need  and  this 
manifests  itself  in  a  number  of  different  ways.  Optically,  the  thing 
grows ,  say,  to  50  ,  60  ,  80  u  lung,  but  just  cannot  divide.  It  is 
clearly  capable  of  growth.  Others  grow  to  three  or  four  times  the 
normal  length,  net,  in  the  log  phase  and  then  divide. 

VFTF:  Well,  if  initial  division  is  hindered  you  still  get  only 

one  colony.  Anything  yet i  get  would  be  a  lag  in  terms  of  your  measure- 
saint. 

Silver:  Thera  is  no  doubt  it  is  certainly  growing  all  right;  you 
can  ahow  thia  In  an  exaggerated  way  if  you  transfer  it  to  other  media. 
Apparently  there  is  something  in  the  culture  medium  which  gives  the 
cell  some  sort  of  start  and  some  facility  which  keeps  it  going  at  least 
for  a  time  until  it  can  manufacture  what  is  necessary  for  normal  growth 
and  division.  Dr.  Cox,  incidentally,  will  say  something  store  on  the 
lines  of  the  way  we  Hava  bean  looking  Into  this  field,  using  •  slightly 
novel  technique. 

Vsz ton :  Has  anyone  triad  to  uaa  synchronous  cultures? 

S  il  vat :  Yea,  but  I  can’t  speak  authoritatively  on  this.  Syn¬ 
chrony  has  lost  favor  in  Porton,  I  don't  know  why.  They  looked  at  it 
for  «  time  (Dr.  Herbert  a ad  hi*  colleagues),  and  suddenly  dropped  it. 

Plastic k:  Wall,  it  seems  to  me  it  might  be  critics!  for  the  under¬ 
standing  of  the  heterogeneity  of  the  population  concerned.  You  may  not 
know  the  population  is  heterogeneous  unless  you  do  this  sort  of  thl  g 
and  even  then  there  is  the  possibility  of  some  hoterogeneity  being 
piesent.  You  recall,  a  couple  of  years  ago  I  demonstrated  distorted 
survivor  curves  from  cultures  I  attempted  to  synchronise. 
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Stiver:  l  can't  r tune* be r  why ,  but  they  started  to  work  with  tne 

same  tort  of  ideas  tu  »iud  end  suddenly  dropped  it  and  decided  they 
were  na  longer  inter**  ted  in  synchrony. 

Sawyer :  I  think  very  rewritable  progress  currently  i#  being  mad* 
in  the  area  of  analyst*  of  biochemical  reaction*  of  single  ceil#,  like 
single  hepatic  cells,  epithelial  cells,  and  so  forth.  Can  anyone  sea¬ 
men  t  abuat  work  of  this  sort?  It  seems  to  me  Dr.  Silver  has  a  atuai 
here  of  vising  these  small  drops  which  are  behaving,  in  a  way  at  least 
as  they  would  in  the  Mrotci ,  to  obtain  tingle  cell#  and  to  employ 
microminiature  biochemical  techniques  te  determine  what  is  going  cm, 
metaboi icaliy ,  within  the  individual  bacterial  ceil,  trying  to  find 
factors  in  this  way  that  correlate  with  their  behavior. 

Sllvt  r :  We  have  done  nothing  yet  but  I  can  say,  since  we  have  a 
new  tmtmbet  joining  us  on  the  staff  soon,  that  this  will  be  the  sort  of 
field  he  will  be  working  in. 
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Prot:.  First  intern.  Sysp ,  aereofoS . ,  Berkeley,  Calif,,  1963 


SOME  OBSERVATIONS  ON  THE  INFLUENCE 
OF  SUSPENDING  FLUIDS  ON  THE 
SURVIVAL  OF  AIRBORNE  VIRUSES 


C.  3.  Harper 

Microbiological  Research  E* tsbl isha*nt 
Experimental  Station 
Forton,  Nr.  Salisbury,  Wiles.,  England 


Until  quite  recently,  studies  on  the  survival  of  airborne  virus 
particles  have  been  carried  out  with  material  sprayed  fro®  chemically 
complex  fluids,  usually  containing  protein,  in  which  the  viruses  have 
been  harvested.  Whole  chick  embryo  suspension,  allantoic  fluid,  ves¬ 
icle  fluid  in  serum  buffer,  and  tissue  culture  supernatant  ara  some 
that  have  been  used  in  Microbiological  Research  Establishment  (MRE)  . 
this  raises  the  question  of  what  influence  the  suspending  fluid  hat 
on  the  survival  of  airborne  vir  isea  at  different  levels  of  relative 
humidity  (RH) .  Hemmes,  Winkler,  and  Kool  <1962)  have  shown  that  al¬ 
though  the  composition  of  the  suspending  fluid  influences  the  level 
of  viable  decay  of  airborne  T5  coliphage  it  floes  not  interfere  with 
the  influence  of  RH,  as  variation*  in  decay  rate  with  SH  fellow  the 
same  trend  lb  all  the  media  used.  They  have  else  shown  that  the  op¬ 
posite  influence  of  RH  on  the  survival  of  polio  and  influents  virus** 
occurs  when  these  two  viruses  are  sprayed  from  a  mixed  suspension,  or 
separately  from  different  fluids,  and  conclude  that  the  Influence  of 
RH  is  more  or  less  independent  of  the  suspension  media.  However,  a 
recent  paper  by  Uebfc,  Bather,  and  Hodges  (1963)  has  shown  that  the 
influence  of  RH  on  the  survival  of  airborne  Rous  Sarcoma  virus  can  be 
strikingly  altered  by  the  use  of  different  suspending  fluids,  and  al¬ 
most  eliminated  if  sprayed  from  6X  inositol. 
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1  have  also  been  examining  the  influence  of  suspending  fluid  on 
the  survival  of  airborne  viruses.  fhia  paper  reports  the  results  ob¬ 
tained  when  purified  polio  and  vaccinia  viruses  are  sprayed  from 
•  number  of  suspending  madia,  and  compares  them  with  those  obtained 
earlier  (Harper,  1961)  whets  the  sasse  viruses  were  sprayed  fro®  their 
harvesting  fluid* 


MATERIALS  AND  METHODS 


Suspensions .  Poliovirus  (Brurshilda)  was  grown  in  E8K-D  ceils 
and  purified  by  ultrscentrifugation  followed  by  the  use  of  anion  ex¬ 
change  columns  prepared  according  to  the  method  of  Sober  et  al  .  (1956). 
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Vaccinia  virus,  obtained  from  infected  rabbit  skits  pulp,  was  pur¬ 
ified  by  differencial  centrifugation  followed  by  sucrose  density  grad¬ 
ient  separation  (Zvartouw,  Westwood,  and  Appleyard,  1962).  The  final 
suspension  contained  about  1  x  10'^  pock-forming  units/mg  of  protein 
and  the  hemagglutination  titer  was  less  than  1/8. 

Electron  microscopy  showed  the  suspensions  to  be  free  of  extran¬ 
eous  material.  The  purified  suspensions  distributed  in  small  amounts 
were  stored  in  dry  ice,  and  one  bottle  removed  for  each  experiment.  I 
ara  indebted  to  the  Virology  Section,  MRE,  for  the  preparation  of  these 
Suspena ions . 


Aerosol  generation  and  storage.  Purified  virus  was  suspended 
in  between  13  and  200  vol  of  the  test  fluids,  depending  on  the  virus 
content  of  the  suspensions,  10  uc  carrier-free  P  added  as  a  physical 
tracer,  and  the  pH  adjusted  to  7. 0-7. 2  before  spraying  with  dilute  HCl 
or  NaOH.  Clouds  generated  bv  a  Coliison  atomizer  were  sampled  1  sec 
after  spraying,  and  then  scored  in  a  75.1  rotating  stainless  steel 
drum.  The  stored  clouds  were  sampled  at  intervals  during  the  23-hr 
holding  period.  Methods  of  cloud  collection,  virus  assay  and  deter¬ 
minations  of  viability  were  the  same  as  those  used  previously  (Harper, 
1961)  . 


Test  condit ions .  Ciouds  were  held  in  darkness  at  a  temperature 
of  20- 2 i  C  ar  207.,  507  or  807,  RH  . 

RESULTS 

I  have  used  the  term  "some  observations"  in  the  title  of  this 
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paper  because  there  has  not  been  a  great  deal  of  replication  cf  testa 
no  far. 

First  let  us  look  at  the  level  of  viability  found  in  young  cloud* 
sampled  1  sec  a£t«r  sprav.ng.  Table  1  show*  the  viability  of  purified 
poliovirus  after  sprcying  from  a  number  of  fluids.  Earlier  results 
obtained  with  a  crude  suspension  sprayed  from  tissue  culture  super¬ 
natant  fluid  are  shown  at  the  top  af  the  table.  At  high  8H,  viabi  1  i ty 
is  high,  irrespective  of  the  suspending  fluid  used,  whereas  at  inter¬ 
mediate  and  low  RH  there  is  considerable  variation  in  viability-  How¬ 
ever,  with  the  possible  exception  of  gelatin,  viability  is  highest  at 
high  RH  and  lowest  at  low  RH  with  all  the  suspending  fluids  used. 


TABLE  1.  Poliovirus  (Brunhilde  strain). 

X  viable  1  sec  after  spraying. 
20-21  C 


Suspending  Fluid 

i  %  Relative  Humidity 

1 _ _ _ _ _ _ _ ... 

20 

50 

80 

Crude 

19* 

66* 

120* 

Water 

1* 

85* 

!  97* 

Phosphate  Buffer  0.?  *  j 

0.6 

102 

no 

Cysteine  0.1% 

0.8 

60 

118 

Gelatin  0.5% 

2.4 

116 

69 

Calf  serum  IT 

0.2 

i 

Tissue  culture  S.h'.F. 

14 

HaCl  0.5% 

11* 

(5.2) 

110* 

KCl  0.65% 

7.1 

18* 

91 

K2S04  0,78% 

4.7 

a 

123 

Na2S04  0.63% 

8.9 

33 

106 

CaCl2  0.47% 

0 

95 

*  Arithmetic  means  of  between  two  and  five  i  sts.  Other 
values  are  the  results  of  single  tests. 


Table  2  shows  what  happens  to  purified  vaccinia  in  similar 
conditions,  using  a  smaller  number  of  suspending  fluids.  Viability  is 
high  in  all  the  test  conditions  and  appears  to  be  relatively  indepen¬ 
dent  of  the  suspending  fluid  used.  These  results  with  young  clouds 
show  chat  with  a  virus  sensitive  to  RH  (polio),  and  despite  evidence 
that  level  of  viability  can  be  considerably  influenced  by  the  composi¬ 
tion  of  the  suspending  fluid,  the  influence  of  RH  is  unchanged. 
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Vaccinia  virus,  previously  found  to  be  Insensitive  to  RH  in  young 
cloud*,  retains  this  character ist it  when  sprayed  from  a  number  of 
fluids  - 


4, 


TABUS-  2.  Vaccinia  virus.  X  viable  1  sec  after  spraying. 

20-21  C 


Sy spending  Fluid  j 

i  %  Relative  Humidity 

20 

i  50 

80 

Crude  1 

97* 

|  93* 

112* 

Water 

100 

102 

52 

Mcllvaine  buffer  (0.002  M) 

111 

Water  +  1%  serum 

no 

Mclivslne  buffer  +  1%  D.H.5. 

89* 

NaCl  0.5% 

96 

102 

114* 

K.C1.  0.65% 

135 

82 

*  Arithmetic  seen*  of  between  two  and  five  tests.  Other 
values  are  the  results  of  single  tette- 


Tablea  3  and  4  show  levels  of  viability  found  after  storing 
clouds  for  24  hr  in  the  dark.  Viability  of  poliovirus  kept  at  high  RH 
after  spraying  from  water,  phosphate  buffer,  cysteine  or  gelatin  is 
much  superior  to  that  found  et  Intermediate  or  low  RH  where,  at  the 
moat,  only  a  tract-  amount  of  viable  virus  is  recovered.  Failure  to 
recover  viable  virus  et  low  RH,  where  it  had  previously  been  found  to 
survive  in  significant  amounts,  was  a  bit  disturbing.  To  see  whether 
che  ability  of  this  virus  to  survive  at  low  RH  had  beer,  lost  during 
the  purification  process,  a  test  was  made  in  rdiich  the  suspending 
fluid  was  the  supernatant  fluid  from  a  heat-killed  suspension  of 
polio  grown  in  ERK-D  cells,  the  origins!  growth  medium  of  the  purified 
material.  In  this  tes t,  vlabi  1  ity  at  low  RH  is  satisfactory,  indi¬ 
cating  that  failure  to  recover  viable  virus  is  a  function  of  the  sus¬ 
pending  fluid  and  not  due  to  any  change  in  the  virus.  At  this  stage 
of  the  investigation  it  appeared  that  the  survival  of  poliovirus  stored 
in  clouds  at  intermediate  and  high  RH  was  little  influence  by  the  com¬ 
position  of  the  suspending  fluid.  A  number  of  salts  were  then  tested 
for  their  effect  on  survival  and  these  were  found  to  have  J  marked  in¬ 
fluence  on  viability.  At  low  RH,  clouds  sprayed  from  solutions  of 
sodium  chloride,  potassium  chloride  end  potassium  sulphate  show 
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viabilities  of  the  same  ->rder  is  those  found  previously  with  crude  sus¬ 
pensions .  Ac  Intermediate  RH,  viabilities  are  higher  than  those  from 
crude  suspensions.  However ,  at  high  &K,  previously  found  to  be  the 
best  conditions  for  survive!,  viabilities  are  low  otters  sprayed  from 
these  salts.  The  considerable  influence  of  SH  found  with  a  number  of 
the  suspending  fluids  is  greatly  reduced  when  spraying  from  the  two 
potassium  salts.  Trie  substitution  of  potassium  in  potassium  chloride 
by  calcium  results  in  failure  to  recover  viable  virus  at  low  RH  with¬ 
out  markedly  affecting  survival  at  high  SE-  'Shan  the  potassium  la  re¬ 
placed  fey  sodium,  the  influence  of  &E  is  reversed.  Substitution  of 
potassium  in  potassium  sulphate  by  sodium  results  in  failure  to  recover 
viable  virus  at  low  and  intermediate  RH  but  does  not  make  much  differ¬ 
ence  to  survival  at  high  RH. 

TABLE  3.  Poliovirus  <Brunhilde) .  %  visble  23  hr  sftar 


spraying.  20-21  C. 


Suspending  fluid 

%  Relative  Humidity 

20 

50 

m 

Crude 

* 

* 

1.1 

Trace 

85 

Water 

0* 

0* 

50* 

Phosphate  buffer  0.02  M  j 

0 

0 

23 

Cysteine  0.1% 

0 

0 

32 

Gelatin  0.5% 

0 

Trace 

89 

Calf  serum  1% 

Tlaeue  culture  SNF 

NaCl  0.5% 

0 

3.7 

1.2* 

(0.9) 

0.2* 

KCl  0.65% 

4.3 

2.2* 

9.1 

K2S04  0.78% 

3.1 

2,9 

9.6 

Ne2S04  0.63% 

0 

0 

3.9 

CeClj  0.47% 

0 

15 

*  Arithmetic  means  of  between  two  and  five  tests.  Other 
values  are  the  results  of  single  tests. 


Vaccinia  virus  sprayed  from  water  (Table  4)  shows  cne  same  re¬ 
sponse  to  RH  as  that  previously  found  whart  a  crude  suspension  was 
sprayed  from  Mcllvaine's  buffer  plus  1%  dialysed  horse  serum.  When 
the  purified  vlrue  la  sprayed  from  buffer  plus  serum,  viability  at 
high  RH  is  much  higher  than  that  found  previously  with  the  crude 


suspects ion  The  protective  effect  at  serum  is  also  evident  when  the 
buffer  is  replaced  with  water.  Tests  with  virus  sprayed  from  sodium 
chloride  show  similar  viability  at  the  three  levels  of  RH,  and  from 
potassium  chloride  there  is  an  indication  that  the  influence  of  RH  is 
less  thsss  when  sprayed  fro®  water.  MeHvaine's  buffer  also  elves  some 
protection  at  high  RH. 


TABLE  4.  Vaccinia  vim*.  '»  viable  23  hr  after  spraying. 

20-21  C, 


Suspending  Fluid 

%  Relative  Humidity 

20 

50 

80 

Crude 

* 

15 

12* 

0.02* 

Water 

*4  .  3 

|  0.6 

Mcllvaine  buffer 

5 

Water  +  1%  serum 

20 

Mcllvaine  buffer  +  17,  serum 

18* 

KaCl  0.5% 

25 

31 

32* 

KC1  0.65% 

30 

10 

*  Arithmetic  means  of  between  two  and  five  tests.  Other 
values  are  the  results  of  single  tests. 


The  limited  number  of  tests  carried  out  so  far  have  not  yielded 
enough  information  for  useful  discussion  of  the  possible  processes 
leading  to  loss  of  viability  in  airborne  virus  particles.  they  do 
show,  however,  that  the  survival  of  polio  and  vaccinia  viruses,  like 
Chat  of  some  bacteria,  is  in  pate  dependent  on  the  chemical  composi¬ 
tion  of  the  fluid  from  which  they  are  sprayed.  The  demonstration  that 
the  influence  of  RH  can  be  largely  eliminated  fSnd  in  one  case  reversed 
by  the  choice  of  suspending  fluid,  gue,  a  long  way  toward  explaining 
conflicting  reports  of  the  influence  of  RH  on  the  survival  of  airborne 
viruses . 

The  finding  that  the  survival  of  two  unrelated  viruses,  one  a 
DNA,  and  the  other  a  RNA  virus,  can  be  considerably  improved  in  what 
had  previously  been  found  to  be  the  condition#  showing  most  rapid  de¬ 
cay  by  apraying  from  sodium  chloride  or  potaaaium  chloride,  is  of  con¬ 
siderable  interest 

Although  1  hsve  not  beer,  able  to  demonstrate  such  striking 
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differences  in  survival  as  Webb  et  al .  (1963)  found  with  Rouse  Sarcoma 
virus,  »iy  results  with  poliovirus  support  his  findings  more  closely 
than  those  of  Heetaas  et  al.(19t>2).  This  may  in  part  be  due  to  the  age 
of  clouds  sampled;  Hewaes  «£  at.  (1962)  measured  viability  for  up  to 
1*1/2  hr  after  spraying,  Webb  et  al.  (1963)  up  to  5  hr  after  spraying. 
My  results  with  clouds  aged  for  23  hr  before  sampling  show  *  very  dif¬ 
ferent  picture.  An  example  of  the  effect  the  deration  of  an  exofeixiaent 
can  have  on  assessing  the  influent-  of  a  particular  suspending  fluid  is 
given  in  Table  5.  IT.is  shows  the  viability  of  poliovirus  at  different 
cloud  ages  after  spraying  from  sodium  chloride.  The  large  initial  loss 
of  viability  at  low  RH  overshadows  Che  much  slower  decay  rate  iii  this 
condition  with  the  result  that  1  hr  after  spraying,  viability  is  7-fold 
greater  at  the  high  than  low  RH,  after  4  hr  viability  is  similar  in 
both  conditions,  and  after  24  hr  higheat  viability  is  found  at  low  RH, 


TABLE  5.  Polxoviru*  (Brunhild*).  %  virus 
viable  at  given  time*  after 
spraying  from  0.5%  «aCl .  20-21  C 


Hours  After  Spraying 

I  %  Relative  Humidity 

20 

80 

0 

n 

105 

t 

A 

3.9 

27 

4 

2.5 

2.4 

23 

1.2 

0.2 

MEANS  OF  TWO  TESTS 
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DISCUSSION 


VTTT*:  Maybe  you  mentioned  it  end  I  aiaaed  it,  what  did  you  use 

•a  a  tracer? 

a &$££*'•  p32- 

WXf'  Having  the  tracer  end  thus  knowing  how  much  material, 
physically  at  i«nt,  vet  still  suspended,  was  there  evidence  that 
there  was  lost  of  infectivlty  or  biological  activity  on  the  part  of 
the  virus? 

Harper :  What  you  are  comparing  with  f.ularensis  is  growth  on  an 

artificial  medium  as  opposed  to  infection  of  s  susceptible  host.  As 
by  definition,  s  virus  hi*  to  infect  s  cell(t)  to  demons trace  its 
presence,  every  virus  titration  is  in  fact  an  infectivlty  titration; 
therefore  you  would  not  expect  any  effect  to  be  as  great  as  when  com¬ 
paring  growth  on  artificial  media  with  animal  infectivlty.  A  col¬ 
league  of  mine  (Hood)  has  just  published  the  results  of  an  investiga¬ 
tion  with  influenza  virus  In  which  he  compared  infectivlty  in  mice  with 
viability  measured  by  two  different  technique? .  He  used  the  PR8  and 
Aslan  strains  and  assessed  impinger  samples  in  whole  eggs  and  by  the 
chorioallantoic  membrane  piece  technique.  Thetv  was  no  difference  be¬ 
tween  viability  measured  with  the  two  assay  methods  or  in  either  ID5Q 
or  LD5Q  for  mice  exposed  by  the  respiratory  route  with  young  and  aged 
clouds.  Does  this  answer  your  question? 

VFTF:  Yes,  it  does.  This  can  also  be  demonstrated  with  Coyle  1  la . 

Morton:  With  hemagglut inating  viruses,  did  anyone  compare  in- 

feccivity  with  hemagglutination  activity  after  spraying  from  various 
fluids  and  after  varying  period  of  aging? 

Harper :  Not  to  my  knowledge. 

VFTF:  If  a  virus  is  aerosolized,  is  there  any  relationship  be¬ 

tween  the  materials  we  know  will  stabilize  the  virus  in  solution, 
such  as  servatol,  or  certain  metals  such  as  magnesium,  in  the  case  of 
poliovirus;  does  it  have  a  similar  affect  in  the  case  of  the  aerosol'’ 

My  second  question  is  --  how  were  these  viruses  purified? 

Harper :  The  only  substances  l  have  tested  are  the  ones  I  have 

mentioned.  When  we  first  started  this  work  I  asked  some  of  my  viro- 
logical  colleagues  to  suggest  suitable  suspending  fluids.  The  sugges¬ 
tions  I  received  indicated  that  some  of  the  stabilizing  mixtures  were 


*  VT7F  «  Voice  from  the  floor. 
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rather  chemically  complex.  A*  I  received  a  lot  of  conflicting  ed/ice, 
I  took  up  a  euggeetion  that  I  start  with  water  and  found  that  th*  pur* 
if  led  virus*  i  survived  vary  well  sdiar.  aprayad  from  water. 

the  nathods  weed  to  prepare  the  suspensions  were:  poliovirua, 

Brunhild*  attain,  was  grown  in  g&K-B  eella  and  purified  by  ultra- 
centrifugation  followed  fry  the  us*  of  anion  exchange  column*  prepared 
according  to  the  method  of  Sober  and  other*.  Suspension*  contained 
between  1.5  and  2.0  x  IQ15  plaque  forming  unita/ag  of  protein.  Vac¬ 
cinia  virus,  obtained  from  infected  rabbit  skin  pulp,  was  purified  by 
differential  centrifugation  followed  by  sucrose  density-  gradient  sep¬ 
aration,  This  is  a  method  published  by  Zwartouw  and  others.  The  sus¬ 
pension  contained  about  1  x  1G10  poek-foraing  uniti/tug  of  protein  and 
the  hemagglutination  titer  was  less  than  1/8.  Electron  micro¬ 
scopy  showed  that  the  suspensions  were  free  of  extraneous  matter.  The 
suspensions  used  in  this  work  were  prepared  by  my  colleagues  in  the 
virus  section  of  MRE . 

Jensen:  In  the  1  sec  reading,  these  were  compared  to  what  per¬ 

centages? 

Harper :  We  put  a  physical  tracer  into  our  suspensions  and 

measured  the  ratio  of  plaque  or  pock  count  to  tracer  count  in  the  sus¬ 
pensions  and  in  all  the  samples  collected  during  the  course  of  the  ex¬ 
periment.  What  we  finished  up  with  is  a  series  of  ratio#.  We  regard 
the  suspension  sample  ratio  as  equivalent  to  100%  viability  and  express 
the  cloud  sample  ratios  in  terms  of  percentages  of  that  ration:  that 
is,  pet  cent  viabilities. 

Jensen :  Yesterday  you  seemed  to  imply  that  you  took  your  sam¬ 

ples  before  1  sec. 

Harper :  You  must  not  regard  1  sec  as  a  short  period  of  time  in 

which  the  RH  could  have  very  little  effect.  In  aooe  circumstances , 
particularly  with  poliovirus  at  low  RH,  all  the  virus  is  killed 
within  1  sec  of  eercsoliration . 
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PROTECTING  AGENTS  AND  MIR  MODE  OF  ACTION 


c.  s.  cox 

Microbiological  Research  Establishment 
Experimental  Station 

for ton  Down,  Hr.  Salisbury,  Wilts.,  England 


this  subject,  in  an  a.ftsr simplified  way,  will  be  treated  from  a 
physical  aspect  by  cons\i,.,  ing  what  happen*  to  a  system  consisting 
of  a  protecting  agent,  e«wi'*rt.>g  this  model  with  that  of  a  bacterium 
contained  within  a  droplet  pure  water,  end  examining  in  what  as¬ 
pect*  thasa  two  models  may  jliSer  aa  the  droplet: 

(1)  Loses  water  owing  to  evaporation, 

(2)  Comes  to  equilibrium  with  air  of  control ’ed  humidity,  tamper* 
eture  end  pressure,  end  Is  meinteined  under  these  conditions 
for  a  given  interval  of  tims, 

(3)  Gains  water  upon  reconatitution  during  collaetlon  in  an 
aqueous  medium. 

Such  possibilities  as: 

(4)  Effects  of  metabolitat  and  aatabalic  inhibitors, 

(5)  Differences  in  viability  which  rasult  from  the  choice  of 
growth  conditions  and  bacterial  species, 

(6)  Damage  to  the  bacterium  caused  by  the  mechanism  of  aerosol 
generstion  end  of  collection, 

will  be  excluded  for  the  purpose  of  this  ptper . 

As  a  result  of  processes  (1),  (2)  end  (3)  --  i.e.,  the  processes 
which  occur  et  a  direct  consequence  of  aerosol  experiments  —  other 
factors  such  as  (7)  -  (10)  will  be  considered,  vis, 

(7)  The  rate  of  lose  of  water. 
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<8)  The  effect  of  relative  humidity  (UK)  upon  this  end  upon  the 
equilibrium  concentration  attained  by  the  protecting  agent, 

(9)  The  rate  of  regain  of  water  upon  collection, 

(10)  The  distribution  of  the  protecting  agent  and  it*  effect  in 

tars#  of  advent  modification,  i.a.  a  solvent  *y*t#«  in  which 
many  water  molecules  are  replaced  by  acme  other  specie* 

For  the  model  of  a  bacterium  contained  in  a  droplet,  consider  Fig,  1, 
which  say  be  split  into  three  rones: 

Zone  1  -  defined  aa  that  *one  between  the  droplet/air  interface 

and  the  ceil  wall. 

Zone  U  *  defined  as  fiat  tone  between  the  cell  wall  and  the 
cytoplasmic  aembrana. 

Zone  lit  *  defined  aa  that  tent  contained  within  the  cytoplaraic 
membrane . 


Furthermore ,  let  the  eyetem  be  dafinad  alto  In  term*  of  ita  equilib¬ 
rium  atate  (S)  ,  with  S5,  rapreaenting  cha  initial  atata  which  corres- 
ponda  to  that  of  an  unevaporated  dropiat  (alto  that  atate  in  the  bac¬ 
terial  apray  suspension)  Aa  a  consequence  of  water  evaporation,  the 
system  comet  to  equilibrium  with  air  of  controlled  humidity,  pressure 
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and  semper  a  Sure  --  this  equi  i  Ibrlum  state  sill  be  S?  a  nd  will  he  de¬ 
pendent  upon  the  humidity.  At  aquiilferi us,  the  water  activity  (aj)  in 
rones  1,  1!,  IT  I  »u»t  he  equal  and  the  tame  at  the  water  activity  of 
the  humidified  air  surrounding  the  dropiet .  If  the  water  activity  la 
rot  the  same  throughout,  then  smut  tranaier  will  occur  in  order  to  es¬ 
tablish  equilibrium.  Use  equilibria®  state  S,  therefore,  t*ty  bt 
related  to  water  activity  as,  is  shown  in  Fig.  2,  wfcere 
S1  -  initial  equ i  li br ui®  state, 

* j  “  corresponding  water  activity,  close  to  s, 
sJ  *  t fc  §  t  ftqy  i  1  ihr  iusi  s  cate . 

al  ”  corresponding  water  activity,  of  value  between  i  and  0, 

S°  ^  boundary  equilibria®  state, 

a°  *  corresponding  water  activity,  equal  to  tarn, 

W-  «  rate  of  loss  of  water, 


W+  •  rate  of  gain  of  water, 

S  »  equilibrium  state  achieved  upon  collection, 


ai  *  corresponding  water  activity,  controlled  by  the  composi¬ 
tion  of  the  collecting  fluid. 

As  a  simplification  Ss  and  S'"  are  shown  to  be  the  same,  but  this  need 
not  be  «o  since  a  |  >  or  <  a^ . 


Corresponding  water 
activity  state 


Initial  State 


Test  State 


Boundary  State 


aj  *  between  1  and  0 


0 


Fig,  2.  Ealat lonahlp  between  equilibrium  etate  (S),  water 

activity  (a2),  dehydration  (W-)  and  r*hy4ratio«j  (W+) 
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A ■  the  rate  gf  loss  of  water 

Staple  theory  (Greet'.  and  Lane,  1951)  gives, 

*  #o  *  2^d-D-CP,  *  p}> 

vfocre  (dt B,dt)o  »  rate  of  loss  of  water  srsss  fro®  the  droplet 


(1) 

in  still 


air, 

d 

D 

H 

and  U- 


diasseter  of  droplet, 

diffusion  coefficient  of  water  vapour, 

water  vapour  pressure  of  water  at  the  droplet  surface, 

water  vapour  pressure  of  water  in  the  surrounding  air. 

.Si!  „  o  -*•  a  n  t «  Jwi+h»*-y  m 

dt  “  *  ~  ““"'•'l  "l'  '*  *  °e  ' 


where  dm/dt 


b 


R 


e 


rate  of  loss  of  water  mass  fro®  the  droplet  in  moving 
air, 

constant  characteristic  of  the  evaporating  substance, 
Reynolds  number  (characterizes  the  airflow  around  the 
droplet)  . 


Hence  W-  *  /dt  «  2  7T d-D-f  ^  -F •  (a^  -  a^} 

where  F  *  (1  +  b-sj^)  *  ventilation  factor, 


(3) 


i/p. 


water  activity  in  the  droplet  surface, 
water  activity  of  the  surrounding  air, 


|f,  •  saturated  vapour  pressure  of  water. 

From  equation  3  it  nay  be  eean  that  the  rate  of  water  lota  is  related 
to  the  droplet  aixe  and  to  the  ventilation  factor  (also  dependant  upon 
droplet  alee).  For  given  values  of  d  and  F,  the  evaporation  rate  is 
related  to  a-  (the  RH  chosen  aa  the  teat  condition),  such  that  as 
the  RH  decreases,  the  evaporation  rata  increases.  For  given  values  of 
d,  F,  end  sj,  equation  3  elso  shows  that  the  evaporation  rata  depends 
upon  tha  water  activity  at  the  droplet  surface.  Therefore,  if  bac- 
teria  are  sprayed  from  pure  water  (i.e,  S*  *  a*  ■  1),  the  rate  of 
evaporation  will  be  maximal,  since  the  value  of  a^,  does  not  change 
until  most  of  the  water  has  evaporated  from  tha  droplat.  However,  if 
bacteria  are  sprayed  fro®  a  solution  of  a  protecting  agant  (i.a., 

S1  »  a^  <  1),  than  aa  evaporation  of  water  proceeds,  tha  concentra¬ 
tion  of  tha  protecting  agent,  or  more  strictly  its  activity,  changes. 
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Since,  a ^  *  *2  W 

and  in  *j  -  -^0^ 

"55.51 

where  *  activity  of  the  protecting  agent, 

i*2  “  molality  of  the  protecting  agent. 

~g 2  “  molal  activity  coefficient  of  the  protecting 

agent , 

«  osmotic  coefficient  of  the  protecting  agent 
the  activity  of  stater,  Sj,  m  the  droplet  decreases  as  will  rhe  evapora¬ 
tion  rates  which  approaches  zero  a*  the  droplet  approaches  equilibrium, 
A  more  detailed  analysis  is  complex,  but  it  would  suets  that  the  nature 
of  the  protecting  agent  is  of  isspor  tance-  with  respeet  to  evaporation 
rate,  since  this  will  depend  upon  the  strength  of  the  protecting  agent- 
water  interactions,  and  the  solubility,  volatility,  viscosity,  etc.  of 
the  protecting  agent. 

An  additional  consequence  of  tile  loss  of  water  by  evaporation 
will  be  Chat  cooling  of  the  droplet  will  occur.  The  extent  of  this 
will  depend  upon  similar  factors  as  for  the  rate  of  loss  of  water, 
since  fi  offl  equation  3 

W-  -  g  -  2  *d:D: F:^  (a,  -  «|) 

and  (T-*  -  T)  *  F  .  p }  (a,  -  aj)  (reference  1)  (6) 

where  T  -  temperature  of  the  surrounding  air, 

T  “  temperature  of  the  droplet  surface, 

L  *  latent  heat  of  evaporation, 

K  *  thermal  conductivity  of  air, 
fy  «  heat  transfer  factor. 

Hence,  any  modification  attributed  to  an  altered  rate  of  loss  of 
water  caused  by  the  presence  of  a  protecting  agent  may  ,  in  fact,  be 
owing  to  an  altered  droplet  temperature.  Also,  thoae  properties  which 
are  function#  of  a^  (i.e.  the  activity  of  the  protecting  agent  at  the 
equilibrium)  will  be  affected  in  accordance  with  droplet  tempera¬ 
ture,  as  wil1  those  processes  which  occur  as  a  consequence  of  changing 
rapidly  from  the  S1  to  the  equilibrium  (see  Section  B) . 

B .  the  equilibrium  concentrst ion 

At  the  equilibrium,  the  water  activity  in  tones  I,  II  and  III 
will  be  equal  to  that  in  the  surrounding  air,  l.w.  all  have  a  value 
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of  Hence,  irons  equations  4  and  5  the  eorr  spending  activity  of  'he 

protecting  agent,  a|,  t*  control  led  by  a^(  since 


2  3  4 

JS^  “  1  +  *®2  *  t*2  +  us,  +  v®2 

y  s  4 

in  £5  «■  wffi„  +  w#*  *  yts,  +  zn 
i  t  2  '  £  i 


O) 


(8) 


where  s,  r,  u,  v,  as,  x,  y,  i  are  coefficients 

ibis  Beans  that  it*  the  absence  of  other  solutes,  the  activity 
achieved  by  the  protecting  agent  depertas  only  upor  the  value  of  the 
test  f*.H  and  is  independent  of  a^,  the  Initial  activity.  However, 
this  will  be  important  with  regard  to  the  size  of  the  droplet  at  equi¬ 
librium,  since  the  greater  the  initial  concentration,  the  greater  will 
be  the  equi.1  ibr iubi  diameter.  This  may  be  of  great  influence,  because 
in  *  solution  the  concentration  of  the  solute  at  the  surface  differs 
from  that  in  the  bulk  of  the  solution  and  depends  upon  whether  the 
solute  is  positively  or  negatively  adsorbed  at  Che  surface,  i.*., 
lowers  or  raises  the  surface  tension  of  water  .  Meaain  and  Humphrey 
(1932)  found  this  layer  to  extend  for  50-100  m  beneath  the  surface  of 
a  solution,  and  therefore  aerosol  droplets  may  achieve  surface, rather 
than  bulk,  solution  activities  and  properties. 


If  other  solutes  are  present  at  the  Sl  equilibrium  in  cotaparoblc 
activities  to  the  activity  of  the  protecting  agent,  then  the  composi¬ 
tion  (in  terms  of  activities)  of  the  droplet  at  the  S-^  equilibrium 
will  depend  upon  and  upon  the  composition  at  the  S1  equilibrium, 
together  with  the  nature  of  solutes  involved  Therefore,  should  pro¬ 
tecting  agents  or  other  substances  be  toxic  st  high  concentration,  the 
value  of  a|  will  govern  mainly  if  such  a  concentration  is  exceeded, 

l 

reached,  or  riot  attained. 


A  further  consequence  of  the  presence  of  a  protecting  agent  is 
that  the  solvent  system  has  been  changed.  For  cells  sprayed  from  pure 
water,  then  at  the  SJ  equilibrium,  the  situation  is  one  where  the  cell 
components  are  in  direct  equi.ioriun,  with  water  vapour,  i.e.  a  solid 
vapour  equilibrium.  In  the  presence  of  a  protecting  agent  the  situa¬ 
tion  is  different,  because  solid  1  iqu  id ''vapour  equilibria  can  occur. 
Depending  upon  the  distribution  of  the  protecting  agent,  solid, liquid 
solid  vapour,  and  liquid  vapour  equilibria  may  exist.  Of  these,  the 
solid  liquid  constitutes  the  modified  solvent  system,  and  in  regions 
where  it  exists,  there  is  opportunity  for  rhe  protecting  agent  to  op¬ 
erate  through  functions  related  to  its  activity,  a^,  eg,  a  modifier 
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of  dielectric  constant,  ionic  Strength,  activity  of  ether  substances 
with  vbi ch  it  is  In  association,  but  not  aa  a  water  activity  modifier 
for  a  system  at  equilibrium-  Such  functions  might  b«  expressed  in  term* 
c-f  tae  greater  or  lesser  susceptibility  sf  protein,  lipid  and  rsucieie 
acid  Co  an  altered  biological  function,  for  example,  to  denaturation 
or  to  a  physically  different  environment  where  a  dielectric  constant 
sight  be  so  changed  that  a  reaction  is  prevented  or  accelerated. 

The  actual  value  of  a*  (and  perhaps  its  rate  of  achievement  within 
the  bacterium)  may  also  be  important  for  changes  in  structure  that 
arise  solely  as  a  result  of  altered  water  activity.  Examples  are 
changes  in  structure  of  the  nucleic,  acids  and  other  polymeric  compounds, 
such  as  lipoproteins  and  proteins  At  higher  values  of  a! ,  phenomena 

i  j 

associated  with  swelling  can  occur,  whereas  at  lover  values  of  a^, 
helical  configurational  transitions  can  take  place  to  give,  eventually, 
non-helical  disordered  states  for  tint  nucleic  acids.  Such  transitions 
usually  show  hysteresis,  i.e.  transitions  which  are  not  instantly,  and 
perhaps  completely,  reversible  (Falk,  Hartman,  and  Humphrey,  196)). 
These  changes,  like  those  arising  r—ough  solvent  modification,  will 
depend  upon  the  distribution  of  the  protecting  agent. 

it  the  distribution  is  known,  some  indication  may  be  obtained  of 
possible  mechanisms  involved,  as  shown  in  Table  1. 


TABLE  1.  Relationship  between  distribution  of  pro¬ 
tecting  agent  and  its  mechanism  of  action 
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The  seme  occupied  by  the  protecting  eger.t  is,  in  the  first  instance, 
dependent  upon  its  permeability  through  the  ceil  wall  ana  cytoplasmic 
membrane .  but  the  rone  car,  be  modified  by  experimental  procedures.  For 
example,  if  an  agent  auch  as  raffinose  is  chosen,  which  from  plasmo- 
iysls  data  is  thought  to  penetrate  the  ceii  wail  of  Excber ich is  coil 
163  (Jepp)  extremely  slowly  (Record,  Taylor,  and  Miller,  1962),  then 
by  mixing  bacteria  and  a  solution  of  this  agent  immediately  prior  to 
droplet  formation,  and  giver,  »  short  equilibration  time  for  the  achieve¬ 
ment  of  8J,  raffinose  will  be  maintained  external  to  the  cell  wall, 
l.e.  case  1.  During  a  short  life  at  the  equilibrium.  It  would  seem 

unlikely  that  much  raffinoae  would  cross  the  cell  wall  owing  to  the 
fantastic  viscosity  achieved.  However,  if  bacteria  and  raffinose  solu¬ 
tion  are  equilibrated  at  S*,  then  the  protecting  agent  occupies  zones 
I  and  XI,  i.e.  case  2.  At  the  SJ  equilibrium  it  would  again  seem 
unlikely  that  raffinose  would  transfer  across  the  ceil  wall  because  of 
the  viscosity  control  of  its  diffusion  and  also  because  of  the  email 
solute  activity  gradient  across  the  cell  wall,  viz.  (a|)j  *  ^  ®  2  1 1  - 
By  this  example  of  the  technique,  for  given  values  of  d,  F  and  aj,  the 
importance  of  .lie  occupation  of  zone  I  and  II  may  be  estimated. 

C .  the  rate  of  gain  of  water 

After  attainment  of  the  SJ  equilibrium  state,  the  cycle  is  com- 

c 

pleted  by  collection  of  the  droplet  to  give  the  equilibrium  state  S  , 
which  will  depend  upon  the  composition  ef  the  collecting  fluid. 

Protecting  agents  that,  do  not  crystallize  or  evaporate  can  modify 
the  rehydration  process  and  the  response  of  the  bacterium  upon  recon¬ 
stitution  by  a  variety  of  mechanisms ,  for  example , 

(1)  a  changed  interface  for  the  S-*  re  SC  conversion,  i.e.  sol  id 
liquid  instead  of  solid  vapour, 

( 2 )  the  formation  of  phase  separation,  eg.  polyethylene  glycol 
phosphate  water,  and  dextran  polyethylene  glycol  water  systems,  which 
can  exist  as  one  or  two  phases,  depending  upon  compositions  (Abberrson, 
i  ^60*  . 

(  }:  the  rati  of  diffusion  of  the  protecting  agent  away  from  the 
drop  it.:  seriate  collecting,  fluid  interface,  and  therefore  the  rate  of 
diffusion  acr.ss  zone  I  (and  therefore  into  the  bacterium)  since  this 
may  be  diffusion  c  -r.  trolled  and  vj  1  1  also.  be  a  net  rate 

(-*!  the  distribution  >t  the  protecting  agent,  since  its  presence 
in  zone  II  (t  .c  a  p  ;  asm  ■  1  ce  !  \  *  wiJ]  result  m  the  ot  'plasroic 


membrane  not  being  able  to  return  to  the  cell  wall  until  the  pratecting 
agent  has  diffused  out  of  *a»«  II.  The  degree  to  which  the  presence 

of  the  agent  transiently  prevents  the  recovery  of  the  cytoplasmic  mem¬ 
brane  (and  therefore  the  swelling  rate  and  activity  of  the  components 
of  rone  III)  will  depend  upon,  for  example,  the  mass  of  the  agent  in 
zone  II,  the  volume  contraction  of  the  agent  solution  on  loss  of  water 

i 

during  «fa i librscion  with  af,  the  degree  of  cell-wall  ahtiukage  and 
its  recovery  rate,  and  the  diffusion  coefficient  of  the  protecting 
agent  through  the  cell  wall. 

(5)  similarly  as  for  (.3),  the  rate  of  diffusion  of  the  protecting 
agent  out  of  zones  II  and  TTJ  (if  present),  since  the  rate  of  diffusion 
of  water  into  the  bacterium  will  be  a  net  rate. 

These  mechanisms  may  be  further  modified  by  the  temperature  of  the 

collecting  fluid,  and  by  those  properties  which  are  functions  of  its 
c  c 

activity,  a2 ,  eg.  water  activity  aj,  viscosity,  ionic  strength,  di¬ 
electric  constant,  etc.,  and  hence  alsc  e  permeability  of  the  solutes 
present  in  the  collecting  fluid. 

The  rate  of  rehydration  eould  be  of  importance,  by  the  same  rea¬ 
soning,  appl ied  to  the  dehydration  process,  together  with  at  least  one 
additional  reason  -  specif ically,  the  possibility  of  spheroplast  forma¬ 
tion.  If  the  race  of  rehydration  is  too  rapid,  then  osmotic  pressure 
developed  by  the  components  of  the  cytoplasm,  together  with  a  contribu¬ 
tion  of  any  protecting  agent  in  zones  II  and  III,  may  be  sufficient  to 
cause  rupture  of  the  ceil  wall,  especially  if  roe  wall  shrinks  as  a 
result  of  experiencing  the  equilibrium  and  has  an  appreciable  relax¬ 
ation  time  (in  comparison  with  the  time  for  the  to  SC  transition) 
required  for  its  conversion  back  to  a  more  normal  state. 

In  summary,  the  situation  is  ervisaged  as  the  following  change  of 
equilibrium  states  caused  by  the  movement  of  water: 

S1  - >  SJ  - >  s£ 

tic 

Sj  “l  81 

S  ^  is  the  initial  equilibrium  state  defined  by  aj, 

is  Che  tesr  equilibrium  state  defined  by  a?, 

c  c  i 

S  is  the  collected  equiJ/briam  state  defined  by  '  a] 

(i)  rates  and  times  of  conversion  are  related  to  W-  and  W-f ,  and 
are  influenced  bv  the  presence  or  absence  of  a  protecting  agent  and 
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i  1  c 

the  value*  of  a,,  • '  and  a,  chosen, 

i  j  c 

(2)  S  . ■)  SJ  - ^  S  conversion  for  maintenance  of  biolog¬ 

ical  activity  say  be  dependent  upon  time  and  a|,  since  conversion* 
that  at  Lae  as  a  direct  result  of  aerosol  experiments  may 

(a)  involve  movement  of  small  molecule#  and  rearrangement  of 
the  structure  of  nucleic  acid#,  proteins,  1  ipoproteins,  etc . ,  such  that 
biologically  Inactive  species  can  occur. 

(b)  be  subjecc  to  the  presence  of  a  substance  whose  activity 
at  any  time  will  be  dependent  upon  W-,  Iff,  and  »|,  and  upom  com¬ 
petitive  action  of  a  protecting  agent  with  which  the  substance  is  in 
association. 

<c)  be  related  to  a  solvent-modifying  property  of  the  pro¬ 
tecting  agent  which  i#  a  function  or  its  activity  and  also,  therefore, 
of  V-,  Iff,  a^  and  its  distribution. 

EXPERIMENTAL  AND  DISCUSSION 

The  rate  of  loss  of  water  (W-)  depends  upon  the  droplet  diameter 
and  also  upon  the  ventilation  factor  for  given  values  of  Sj,  a;1 ,  etc. 
The  use  of  a  fibre  technique  at  different  ventilation  rates  and  with 
droplet#  of  diameter  of  140  y  (wee)  enables  a  study  to  be  made  of 
evaporation  rate  over  a  range  that  included  evaporation  rates  greater 
than  chcee  achieved  in  the  aerosol.  Data  in  Table  2  suggest  that  if 
viability  is  a  direct  function  of  the  rate  of  loss  of  water,  then  for 
the  gram  negative  organism  E.  coll  163  (Jepp)  the  critical  rate  is 
likely  to  be  much  greater  chan,  much  smaller  than,  or  so  critical  as 
to  lie  between  those  rates  studied.  This  Is  similarly  so  if  the 
critical  function  Is  the  equilibrium  time  which  fell  between  ID  and 
120  sec.  Although  one  culture  of  E .  coll  163  became  sterile  at  equi¬ 
libration  times  of  15  and  20  sec,  other  cultures  of  E.  col i  163  have 
not  demons trated  this  effect. 

Figure  3  shows,  for  an  aerosol  age  (e)  of  15  min,  the  per  cent 
viability  (traced  by  Sac  1  Hus  subt  ilia  spores)  of  £,  coil  163  with 
sucrose  in  rones  I  and  II.  The  experiments  were  performed  during  the 
same  day  and  the  suspensions  were  prepared  from  the  same  cultures  of 
bacteria.  Collecting  fluids  of  phosphate  butler  (PBMA)  and  sucrose 
(Ut/1)  were  used-  Enhanced  viability  as  the  sucrose  concentration 
increased  may  have  reaulted  from  an  increased  competitive  action  (i.e 
solvent  modification),  although  droplet  sire  and  equilibration  time 
probably  changed  with  sucrose  concentration. 
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fiats  in  Table  3,  which  indicates  the  per  tent  viability  obtained 
with  different  distribution*  of  raffinose,  suggest  (hat  the  presence 
of  raffinose  in  cone  II  (i.e.  between  the  cell  vail  and  the  cytoplasmic 
membrane)  resulted  In  a  collection  phe  noose  non ,  while  protecting  action 
could  be  expressed  with  raffinose  outside  the  ceil  wall.  Since  raf- 
finose  is  thought  to  be  barely  per®esbie  through  the  cell  wall,  and 
since  aerosol  formation  very  rapidly  followed  Che  addition  of  raffinose 
to  Che  bacteria  in  experiments  with  raffinose  mainly  external  to  Che 
cell  wall,  it  would  seem  unlikely  that  solute  transfer  across  the  tell 

i  t 

wall  occurred  t«  these  experiments  during  the  S  ■■—.—..4  s’  conversion 
and  during  life  in  the  aerosol - 

The  results  shown  in  Table  4,  obtained  by  Or.  Silver  using  £.  coll 
163  in  the  presence  of  glycerol,  erythritol,  and  glucose,  with  £.  coli 
162  and  glucose,  and  with  Serrat ia  marcescens  in  the  presence  of  glyc¬ 
erol  and  sucrose,  were  similar  in  that  a  protecting  agent  external  to 
the  cell  wall  resulted  in  moat,  if  not  all,  of  the  observed  response. 
Glycerol  and  erythritol  may  be  exceptions  to  this,  but  as  these  sub¬ 
stances  are  permeable  enough  to  penetrate  the  cytoplasmic  membrane , 
their  distribution  was  not  as  certain  as  for  the  larger  molecules. 

Therefore,  because  raffinose  external  to  the  ceil  wall,  i.a.  case 
1,  can  result  in  e  substantiel  enhancement  of  viability,  loss  of  via¬ 
bility  is  prevented  by  the  mechanisms  shown  below,  vi*. 


■teas 
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W-  y+  aj 

in 

W-  4j 

provided  that  tha  system  is  at  equilibrium  with  tj . 

Hance,  If  enhanced  viability  ariaaa  from  a  direct  solvent  modi¬ 
fying  property  of  reffinose,  the  cell  vail  apparently  is  s  labile 
structure  of  £.  coli  163  (provided  that  solute  transfer  across  ths 
cell  wall  did  not  occur).  If  too  rapid  s  rate  of  removal  of  watar  is 
raaponsible  for  loss  of  viability,  then  the  sensitive  structure/s 
could  be  in  tones  1,  II  and/or  III,  the  the  presence  of  raffinose  at 
an  initial  concentration  of  0.3  M/l  external  to  the  eall  wall  ie  suf¬ 
ficient  to  prevent  the  lethal  rate  from  being  achieved.  Similarly,  if 
the  rate  of  water  is  too  rapid,  this  layer  is  sufficient  to  prevent 
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ZONE  concentration*  are  thoae  fwedutely  prior  to  aeroeol  generation. 


TABLE  4.  Per  cent  viability  of  bacteria  traced  by  Bar  i  1 5  us  subi  i  lis  studied  by  the  aerosol  technique  at  25  C, 
as  a  function  of  distribution  and  exposure  time.  Collection  by  i»p infer*  (i)  »r.-3  bubbler*  (B) 
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occurrence  of  the  lethal  rate,  ingress  rates  less  rapid  than  this  can 
cause  loss  of  viability  owing  Co  osmotic  shock,  provided  that  the  ay** 
tea  t*  sensitive  to  tSii*  order  of  ingress;  i  e  o»@ot  1e  shock  need  not 
b*  a  primary  death  mechanise. 

Since  100%  viability  was  not  obtained  with  raffinoae  sd>en  in  tone 
I  or  in  acmes  I  and  II,  and  since  the  per  cent  viability  a*  a  function 
of  time  also  decreased,  raffinose  only  lower*  the  decay  rate  rattier 
than  prevents  loss  of  viability,  and  therefore  the  protecting  action 
of  raffitiose  say  arise  through  the  prevention  of  soa*  death  Kecbanisnss, 
while  others  continue  at  the  saws,  or  reduced,  rates  as  those  in  the 
absence  of  raffinoae  These  possibilities  are  supported  by  experiments 
using  E.  -soli  (type  %)  and  phage  T?  (Cox  and  Baldwin,  1964)  ,  which  sug¬ 
gest.  that  s-cssa  ayatatse  sf  cbi#  better  turn  and  this  phage  are  capable  of 
maintaining  biological  function  during  the  course  of  the  processes 
which  occur  as  a  consequence  of  aerosol  experiment s  for  cloud  ages  of 
the  order  of  half  an  hour.  Ey  2  hr  some  further  impairment  of  biolog¬ 
ical  function  apparently  occurs,  since  under  these  conditions  not  ail 
the  bacteria  supported  phage  growth  and  became  lysed 

Because  raffinoae  wag  able  to  confer  a  protecting  action,  then 
perhaps  larger  molecules  than  raffinose,  such  as  polyethylene  glycol 
(PEG)  and  dextran  of  high  molecular  weight,  might  be  expected  to  sf- 
fact  the  viability  when  thaae  are  used  as  protecting  agents.  Figure  4 
shews  the  per  cent  viability  obtained  using  PEG/ sucrose  mixtures  at  50% 
RK,  and  that  PEG  alone  caused  a  great  loss  of  viability.  As  the  su¬ 
crose  concentration  increased  ao  did  the  viability  and  the  competitive 
action.  Figure  5  suggests  that  the  viability  response  ie  complex  in 
the  presence  of  PEG  if  bacteria  arc  incubated  In  vitro  with  PEG  at  room 
temperature  for  30  ssir. .  Since  the  breakpoint  in  the  curve  ia  ca.  25  w/v% 
for  a  rang*  of  molecular  weight  fraction#  of  from  20O-15,QOO  for  £. 
coli  163,  the  effect  may  concern  adsorption  tnd  interfaciai  tension  at 
a  solid/aoiution  interface.  Thia  ides  is  supported  by  the  clumping 
behevior  of  E.  coli  160  and  163  in  the  presence  of  PEC,  and  becauae  a 
stable  dispersion  was  obtained  st  PEG  levels  that  gave  low  viabilities. 
The  phenomenon  was  alao  complicated  by  the  choice  of  plating  meals  and 
suggests  chat  the  overall  effect  may  have  been  caused  by  changed  w sta¬ 
bility,  permeability,  enzyme  activity,  etc. 

Dextran  at  50%  RK  for  E.  col  1  160  and  E  coli  163  was  found  to  oe 
a  poor  protecting  agent;  results  were  similar  to  those  of  bacteria 
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%  VIABILITY 


Fig.  4.  Aerosol  survival  of  Egcher  tch  '■ «  col  t  le>3  at  50%  RH  23  C, 
as  a  function  of  gucroge  4  PEG  in  spray  fluid  for  an 
exposure  time  of  15  min 

Collection  by  impinger  containing  PBMA  and  1  M  1  sucrose. 

Tracer  ,  Bac i 1 lus  subtills 
Culture  number  10563 

PBMA  *  phosphate  buffer  +  manucol  +  antifoam. 
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sprayed  from  water  Inca  4lr.  Bextrsn  and  especially  PEL  lower  the 
surface  tension  if  water  and  can  cause  phase  separation.  Hence,  t..e 
possibility  of  markedly  different  surface  free  energy  changes  exists 
for  these  two  classes  of  compounds,  i.e  those  which  raise  or  those 
which  lower  the  surface  tension,  when  present  In  high  concentre t  lots 
The  possibility  of  a  large  surface  free  energy  change  also  occurs  when 
cells  are  sprayed  from  wacer,  since  interfaces  are  likely  co  change 
from  sol id/liquid  to  solid/vapour,  and  back  to  solid/liquid  upon  col¬ 
lection  of  the  aerosol.  Therefore,  to  elucidate  the  possible  mode  of 
action  of  protecting  agents  for  the  grass  negative  bacteria,  compounds 
unable  to  periseace  the  cell  wall  readily,  but  having  a  range  of  phys¬ 
ical  properties,  need  to  be  studied  in  conjunction  with  investigation* 
using  phage.  In  this  way  some  of  the  mechanisms  causing  loss  of  via¬ 
bility  after  a  change  of  state  of  water  can  be  elucidated. 
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DISCUSSION 

Silver .  I  want  to  comment  a  little  on  th U  paper.  Uhat  we  are 
trying  to  do  here  at  this  atage  of  the  work  ia  to  pin  down,  if  we  can, 
the  phyaical.  and  phyatco-chemical  phenomena  aaaoclated  with  the  Ilf* 
and  death  of  organism*  Of  course  these  phenomena  are  not  Just  re¬ 
stricted  to  the  bacterial  cell  -  it  ia  the  whole  of  the  ayataa,  which 
includes  the  technique*  a*  well.  We  want  to  look  at  the  behavior  of 
collecting  fluids  and  plating  media;  if  organism*  don't  grow  on  petrl 
dlahea,  haa  this  anything  to  do  with  the  organiaas  itaelf,  or  1*  it  a 
purely  phyaical  phenomenon  which  la  induced  by  the  phyaical  piopartia* 
of  th*  *o-c*lied  protective  substance?  You  might  e*  well  eay  poly¬ 
ethylene  glycol  does  nothing  elaa,  but  will  atop  th*  organism  from 


363 


graving,  where  in  fact  the  organism  is  still  alive.  Consider  dextran 
(M.W.  115,000)  for  instance:  it  can't  possibly  kill  the  organism,  be¬ 
cause  it  is  never  in  a  position  to.  Presumably  it  can  -rly  -perste 
from  outside  the  cell  surface  By  wav  of  elaboration,  this  is  what  we 
are  crying  to  do  and  we  shan’t  move  on,  unless  we  have  further  details 
re  consider  the  interference  of  metabolic  activities  generally  •-  until 
we  feel  that  we  arc  moving  on  fairly  certain  ground. 

Cabg Hi:  1  would  appreciate  it  a  great  deal  if  you  would  go 

over  the  slide  where  you  just  used  sucrose  alone,  and  if  I  understood 
correctly,  the  difference  in  survival  rate  of  percent  survival  numbers 
is  due  to  the  shift  in  the  equilibrium  time. 

Cox :  That  is  a  possibility. 

Cabelti:  If  this  ia  the  case,  how  did  the  numbers  compare;  that 

is,  equating  change  in  concentration  of  sucrose  to  a  change  in  the  com¬ 
position  of  the  systems  and  to  equilibration  time'.'  In  other  words, 
what  was  the  difference  in  time  that  would  be  involved  in  the  differ¬ 
ence  in  equilibrium?  You  didn't  jaake  any  conjectures  as  to  the  range 
of  times  --  were  they  in  micro-seconds? 

Cox:  If  one  sprays  from  water,  using  for  example  a  Collison 

spray,  moat  of  the  droplets  equilibrate  in  times  of  the  order  of  a 
fraction  of  e  second.  I  think  it  is  true  to  say  that  if  one  adds 

sucrose,  for  example ,  then  this  does  extend  the  equilibration  time, 
especially  under  conditions  of  high  ventilation  rate. 

Goldberg:  On  that  particular  slide,  what  range  of  time  were  you 

talking  about: 

Cox :  That  was  for  aerosols,  as  opposed  to  droplets  supported 

on  fibres,  and  sc  I  do  not  have  experimentally  derived  equilibration 
t Imes . 

Goldberg :  Well,  what  about  your  computations? 

Cox :  The  equation  given  earlier  is  too  approximate  and  was  in¬ 

cluded  only  to  show  some  of  the  factors  involved  in  the  rate  of  evap¬ 
oration  of  droplecs. 

Morton :  I  wonder  if  1  can  ask  Dr  Cox  to  tell  us  a  little  bit 

more  about  (this  is  speculation,  of  course)  the  possible  competitive 
adsorption  of  substances  like  sucrose  and  polyethylene  glycol  (PEG), 
particularly  in  respect  to  the  work  that  he  did  in  suspensions  i 
can't  anticipate,  of  course,  what  ne  has  to  say,  but  I  think  lie  could 
show  some  relationship  between  the  two,  and  also  in  regarc  to  the 
addition  of  sucrose  and  what  he  thoughc  about  the  role  of  these  high 
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moieculars  :  how  they  might  act  on  the  surface  of  the  cell. 

Co*  This  was  the  sort  of  response  we  obtained  --  per  cent  via¬ 
bility  ss  a  function  of  percent  polyethylene  glycol  (Fig.  5  of  paper; 
further  details  are  to  be  published  elsewhere)  .  What  we  tried  to  do 
was  to  see  whether  or  not  sucrose  could  compete  with  polyethylene 
glycol,  and  thereby  prevent  the  observed  response.  In  fact,  it  ap¬ 
pears  that  the  per  cent  viability  as  a  function  of  tsol.es  of  sucrose 
per  liter  in  the  presence  of  different  amounts  of  polyethylene  glycol, 
using  E.  col i  163,  caused  a  competitive  action  of  sucrose  in  the  pres¬ 
ence  of  30%  PEG  (M.W.  1540).  Whereas  if  polyethylene  glycol  concen¬ 
trations  were  increased  to  60%,  then  no  matter  how  much  sucrose  we  had, 
up  to  0.4  f^'i,  we  couldn't  get  a  reversal  of  the  polyethylene  glycol 
effect  in  a  test  tube.  In  the  aerosol  the  situation  is  different,  be¬ 
cause  when  one  sprays  from  polyethylene  glycol  alone,  then  for  equi¬ 
librium  at  50%  RH  the  concentration  of  polyethylene  glycol  is  pretty 
high  and  probably  attains  about  80%  PEG.  This  la  a  rough  estimate, 
because  X  don't  have  any  water  activity  data  for  PEG  solutions.  In 
the  aerosol  we  found  this  "competitive  action”  of  sucrose  (Fig.  4  of 
paper).  Now  this  could  have  arisen,  for  example,  from  two  reasons; 
either  we  were  getting  competitive  action  at  binding  site*  between  su¬ 
crose  and  polyethylene  glycol,  or  the  effect  of  sucrose  was  one  of  a 
thermodynamic  competition  in  that  the  concentrations  achieved  in  the 
aerosol  droplet  by  PEG  we.re  leas  than  the  critical  region  of  Fig-  4; 
ie.  the  sucrose  was  aeti-'e  #s  a  PEG  diluent.  Other  data  on  the  ef¬ 
fects  of  polyethylene  giyci  L,  and  in  this  esse  ir,  glucose  mixtures, 
ha. a  been  obtained  by  Record,  Taylor,  and  Miller  (1962).  At  different 
combinations  of  PEG  and  glucose  they  found  that  the  two  molecules  to¬ 
gether  ga re  a  mere  enhanced  survival  for  freere-dried  material  than 
was  obtained  with  either  glucose  or  polyethylene  glycol  alone.  This 
was  not  only  true  of  polyethylene  glycol,  it  was  also  true  of  other 
high  molecular  weight  compounds  such  as  dextran  and  bovine  serum  al¬ 
bumin.  We  have  found  the  same  sort  of  phenomenon  with  the  fibre  tech¬ 
nique  using  mixtures  of  dextran  and  sucrose  --  this  is  a  high-molecular 
weight  dextran  115,000  (See  Fig.  D— 1.1 

The  technique  here  was  to  take  different  compositions  in  terms 
of  moles  of  sucrose  per  liter,  plus  5%  dextran,  to  form  tiny  droplets, 
expose  them  to  air  at  50%  RH  then  collect  them  in  phosphate  buffer  or 
sucrose,  or  after  a  alow  rehydration  process  collect  them  in  phoaphate 
buffer 
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greeter  than  solid  to  liquid.  If  the  adhesive  forees  of  solid  to 
solid  are  greater,  clumping  occurs,  whereas  If  the  soiid- liquid  co¬ 
hesive  farces  are  greater,  then  a  dispersion  results.  So  one  of  the 
thing*  that  we  have  tried  to  do  is  to  see  if  the  viability  response  to 
polyethylene  glycol  can  be  explained  in  terns  of  either  changes  in 
testability  or  something  that  nature.  It  is  extremely  difficult  to 
make  any  quantitative  measurements  of  interfacial  tensions  and  surface 
tensions,  especially  of  solids,  but  soae  experiment#  have  been 
performed  on  solid  polymers  and  it  is  true  to  say  that  the  interfacial 
tension  of  a  solid  against  air  Is  much  greater  than  it  Is  against  tha 
liquid  if  that  liquid  spreads  over  that  surface.  Some  of  the  work  of 
this  type  is  done  from  the  consideration  of  the  way  in  which  glues  op¬ 
erate;  it  is  interesting  that  substances  such  as  dextran,  sucrose, 
sorbitol,  glycerol,  etc.  are  used  in  the  manufacture  of  adhesives. 

One  of  the  consequences  arising  from  aerosolizing  froia  water,  as 
I  mentioned  this  morning.  Is  that  the  interface  changes  fro®  solid- 
liquid  to  soild-air;  whereas  if  one  used  something  like  sucrose  or 
some  other  substance  which  does  not  crystallite  or  evaporate,  a  solid- 
liquid  interface  exists  and  the  actual  change  that  the  surface  experi¬ 
ences  is  much  less  than  if  one  uses  a  substance  that  does  crystallite 
or  evaporate.  It  is  just  about  conceivable  that  the  actual  stability 
of  the  cell  wsil  and/or  cytoplasmic  membrane  may  depend  upon  inter* 
facia1  tensions  and  surface  tensions,  because  if  one  looks  upon  these 
structures  in  terms  of  an  emulator,  oil  In  water,  or  water  in  oil  type, 
then  stability  problems  are  likely  to  occur,  and  so  I  think  we  should 
pay  attention  to  the-  stability  of  the  cell  wall  and  the  cytoplasmic 
membrane  region,  and  perhaps  in  this  way  we  might  find  one  of  the 
reasons  why  bacteria  die  in  the  aerosol,  especially  over  the  initial 
equilibration  stage. 

VTTF  :  During  the  course  of  the  Symposium,  nobody  has  mentioned 

anything  about  experiments  involving  the  study  of  the  non-ionic  surface 
active  agents.  You  mentioned  surface  tension  interfaces  between  the 
solid  and  liquid  and  solid-air  i.-ases.  T  wonder  if  the  surface  active 
agents  of  the  non-ionic  type  have  any  effects  or  rela t ionsh ipt  with  the 
other  types  of  stabilizing  agents  that  have  been  discussed.  Something 
on  that  must  have  been  studied. 

Cox:  Polyethylene  glycol  can  be  looked  upon  as  e  non- ionic 
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surface  active  a,  at,  as  can  ethane  diol,  glycerol,  dextran,  etc.  Or 
the  hydroxy  compounds  Chat  we  have  tested  far  protecting  action  in  rh® 
aerosol,  rhose  raising  the  surface  tension  of  water,  such  as  sucrose 
«*.<!  rafiinose,  sec*  to  confer  a  stabilising  action,  Pereas  those  which 
lower  the  surface  tension  tend  to  be  poor  stabilising  agents.  However, 
if  this  difference  in  surface  adsorption  properties  is  the  reason  why 
the  polyhydroxy  compounds  are  or  are  not  good  protecting  agents,  then 
processes  which  occur  in  the  aerosol  and  in  droplets  supported  on 
glass  fibres  would  sects  to  be  different,  since  as  mentioned  by  Ur . 
Silver  in  his  presentation,  glycerol  does  not  behave  as  a  protecting 
agent  for  E.  col i  163  in  the  aerosol,  but  does  so  for  the  fibre  tech¬ 
nique  . 

Vi'Ti' We  have  done  some  investigations  with  a  few  of  these  sur¬ 
face  active  agents  without  noticing  any  appreciable  modification  in 
the  aerosol  behavior;  they  neither  provided  stability  nor  induced 
instability . 
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RADIATION,  RELATIVE  HUMIDITY  AND  THE 
MECHANISM  OF  MICROBIAL  DEATH  IN  AEROSOLS 


S.  J.  Webb 

Department  of  Bacteriology 
University  of  Saskatchewan 
Saskatoon,  Canada 


l  would  like  to  start  by  saying  that  It  is  very  pleasing  to  see 
somebody  else  thinking  in  terms  of  water  mo-  ment  because,  as  most  of 
know,  we  in  our  laboratories  have  been  working  along  these  lines 
since  <956.  Before  I  describe  these  experiments,  1  want  to  state 
that,  with  regard  to  the  question  of  cell  survival  in  aerosols  and 
damage  due  to  the  impinger  collection,  in  all  our  work  we  have  found 
no  significant  effect  of  the  impinger  fluid,  either  with  aerosols 
that  have  been  generated  from  a  cell  suspension  with  a  protective 
agent,  or  from  distilled  water;  and  we  have  used  organisms  where  we 
can  find  very  little  effect  of  the  actual  spraying  mechanism  itself. 
It  :s  true  that  one  does  find  a  little  effect  of  the  impinger;  by  and 
large  this  is  never  any  greater  than  a  factor  of  two,  and  I  an  aure 
that  most  people  using  aerosols  will  agree  that  it  is  very,  very  dif¬ 
ficult  to  tv  11  the  difference  between  a  cell  count  of,  say,  1  x  10b 
and  2  x  I0b  .a  an  aerosol.  Tills  kind  of  argument  we  felt  is  intig- 
in  t it  ant  . 

In  aerosols  a  susceptible  organism  will  drop  some  3-4  logs  in 
count  at  low  relative  humidities  (RH)  In  quite  a  short  period  of  time. 
We  have  used  organisms  that  will  do  just  this  because  ft  is  not  worth¬ 
while  trying  to  find  ou'  why  a  cell  dies  in  an-  aerosol  if,  in  iact,  it 

does  not  die. 
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In  an  effort  to  find  out  why  «  cell  is  sensitive,  we  have  studied 
many  type*  of  ceil  with  or  without  various  protective  agents  as,  I  s* 
sure,  saoat  of  you  know.  I  am  not  sure  whether  to  consider  it  an  honor 
that  no  one  so  far  has  mentioned  inasitoi.  We  have  been  using  this 
compound  to  protect  cells  after  extensive  studies  on  the  action  of 
polysaccharides  in  one  form  or  another,  straight-chain  compounds,  ring 
compounds,  and  so  on.  These  studies  led  us  to  con« lude  that  the  activ¬ 
ities  of  these  compounds  relied  primarily  on  the  presence  of  hydroxyl 
groups  and  possibly  amino  groups,  X  was  quite  amused  by  the  mention  of 
sodium  arsenite  this  morning;  it  appears  one  takes  a  compound  such  as 
raff iaoae  which  dedicates  the  cell  because  it  will  not  penetrate  and 
then  adds  sodium  arsenite  to  prevent  this  extraction  of  water  a  sort 
of  cyclic  research. 

The  work  I  ass  going  to  describe  was  done  to  test  an  hypothesis, 
namely  that  compounds  such  as  inositol  replete  removed  water.  We 
have  found  inositol  to  be  an  extremely  good  protector  of  airborne 
organisms  provided  one  does  not  add  compounds  such  as  sodium  chloride, 
thiourea,  or  any  other  hydrogen  bond  breaking  compound;  if  you  do,  Chen 
you  will  find  less  or  perhaps  absolutely  no  effect  of  the  inositol,  or 
for  that  matter,  any  like  protector  molecule. 

The  underlying  idea  was  to  test  this  hypothesis  by  using  radia¬ 
tion.  We  all  know  that  ultraviolet  (UV)  light  will  kill  cells.  You 
heard  a  paper  yesterday  on  that  score  and,  of  course,  it  has  been 
known  for  a  long  time  indeed  that  UV  light  will  kill  oft  microbes  very, 
very  quickly.  I  have  stated  that,  by  and  large,  we  are  happy  with  the 
impinger  sampler  snd  are  not  worried  about  what  may  happen  in  the 
implnger  --  because  we  know  any  effect  is  comparatively  insignificant. 
We  are  concerned,  then,  with  what  happens  to  viability  in  the  aerosol. 
Of  course,  there  is  always  a  little  man  in  bac'  who  will  say;  "Ah, 
yes  --  but  I  looked  at  the  survivors  under  the  microscope  and  they 
changed  shape,  grew  longer  or  fatter."  Well,  as  I  look  around  the 
audience  I  see  sn  awful  lot  of  different  shapes,  but  put  you  in  the 
middle  of  che  desert  and  you  will  behave  the  same  way.  I  don't  think 
such  comments  have  any  real  bearing  on  the  present  argument.  It  is 
true  that  some  cells,  having  gore  through  an  aerosol  procedure,  will 
perhaps  divide  once,  maybe  not  at  all,  may  get  long,  but  will  not 
form  colonies  Obviously  something  is  wrong  with  them,  otherwise  they 
would  carr"  on  normally.  So  we  nave  preferred  to  use  viab  lirv,  which 
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means  Chat  my  cel]  incapable  of  dividing,  or  of  forming  s  colony,  or 
of  any  kind  of  reproduction,  is  dead.  We  feel,  you  see,  that  anything 
that  is  incapable  of  reproducing  night  just  as  well  he  dead. 

In  the  first  aeries  of  experiments,  we  utilised  UV  light  to  deter¬ 
mine  what  effect  tM*  would  have  on  the  survival  of  cells  in  an  aerosol 
with  respect  to  Sfi.  He  were  looking  to  see  whether  Rh  could  modify  the 
effects  of  UV.  Now  in  our  particular  case  we  did  not  usa  the  aeteury 
germicidal  line.  Anybody  dealing  with  radiation  biology  know*  very 
well  that  there  is  a  threshold  level  beyond  jdiich  increasing  tfe*  ifrte-ft- 
si ty  will  not  increase  the  death  rate  and  we  did  not  wiah  to  work  with 
wavelengths  where  it  is  difficult  not  to  blast  the  cells  with  so  much 
radiation  that  we  would  not  see  an  effect  of  RB.  This  ia  like  somebody 
truing  to  find  out  why  a  glass  holds  together  by  hitting  the  thing  with 
a  sledge  hammer. 


30-807. 

FIC.  1.  Effect  of  white  light  intensity  in 
terms  of  distance  from  source  on  survival  of 
airborne  Serrat la  narcescens  as  a  function 
of  relative  humidity. 

Figure  1  shows  the  ratio  between  survivors  in  the  dark  and  the 
survivors  under  irradiation  from  a  General  Electric  as  sunlamp,  plocted 
against  the  RH  at  which  the  aerosols  were  held  during  irradiation.  In 
this  figure,  and  those  following,  I  am  showing  only  trends,  because  it 
is  the  similarity  of  points  of  change  that  t#  imports’, c.  Definitive 
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data  have  been  published  previously* 1  ,  The  irradiation  tim».  m 

tills  particular  ccso  was  15  min.  fou  can  see  Quite  clearly  that  with 
the  lamp  at  a  distance  of  u  ft  from  a  drum  (which  has  beer  equipped 
with  plastic  to  transmit  light  of  about  2,800  A) ,  the  irradiation  had 
little  effect  at  80  RH .  As  'he  RH  :s  decreased  below  t  ait  65%,  there 
is  a  very  rapid  increase  in  the  sensitivity  of  cells  in  aerosols  to  the 
radiation.  if  the  intensity  of  the  radiation  is  increased  by  just 
moving  the  lamp  forward  (there  is  really  no  need  to  go  into  units  and 
how  many  watts/sq  cm,  at  this  particular  stage  of  the  game  anyway),  the 
same  increase  in  death  rate  at  around  60-65%  occurs,  although  the  mag¬ 
nitude  of  the  decay  rate  at  80%  increases  quite  considerably.  If  you 
give  high  intensity  irradiation  with  the  lamp  very  close  to  the  drum, 
then  the  effect  of  the  RH  is  by  and  large  lost,  but  there  is  still  a 
slight  tendency  for  the  change  to  occur  at  65%  RH.  Now,  the  point  at 
this  moment  was,  "is  this  new  information?"  —  and  the  answer  is  "No". 
This  particular  kind  cf  behavior  was  noted  m  the  early  '30s  and  la 
shown  in  the  book  by  Wells  on  Air  Hygiene*3^.  We  have,  therefore,  only 
confirmed  what  was  already  known  and  perhaps  removed  some  of  the  con¬ 
troversy  . 

The  next  question  was:  "Is  there  any  effect  of  different  wave¬ 
lengths."  We  examined  this  by  means  of  filters  tested  in  the  Spectro¬ 
photometer.  As  you  can  see  (Fig.  2),  using  the  same  ratios  and  the 
same  RH,  the  sudden  Increase  at  about  65%  RH  is  apparent,  using 
28-3,00  A  band  and  with  the  34-4,500  X  band,  although  longer  exposures 
were  required.  We  could  still  detect  Che  effect  of  RH  even  up  as 
far  as  the  yellow  band  and  the  pattern  was  the  same.  At  the  higher 
humidities  there  was  no  effect  of  irradiation  with  the  lamp  4  ft  from 
the  drum  and  as  the  humidity  vss  lowered  there  was  a  sudden  change  in 
sensitivity  around  65%. 

The  only  difference  between  the  high  and  low  death  rates  is  the 
absence  of  humidity.  F«-'ause  we  used  washed  organisms  aerosol  iced  from 
distilled  water,  ther  i .  no  question  of  osmotic  pressure  damage  coming 
into  the  picture  a*  t*  n I  -  effect  here  appears  to  be  a  differ¬ 

ence  In  the  water  concent  of  the  cell.  We  then  argued  that  if  thla  is 
true,  then  water  molecules  In  this  cell  can  prevent  UV  damage  under 
these  conditions  and  a  compound  such  as  Inositol,  if  it  is  behaving  as 
we  have  said,  should  protect  cells  against  these  wavelengths  of  light 
at  low  RH,  because  it  should  replace  water  molecules. 


Best  AvrJ 


>  |r\ !  r\ 

.  i  -V 


C 


J\  * 


372 


0.28*0.32 


30-80% 

FIG.  2.  Effect  c£  wsve length  on  survival 
of  airborne  t^rat  la  rnsrces^ena  ss  a  func¬ 
tion  of  relative  humidity. 

In  the  presence  cf  inositol  there  was  no  effect  whatsoever  of  the 
radiations.  Now  there  is  absolutely  no  way  you  can  explain  ar.  effect 
of  such  magnitude  by  assuming  that  the  ceil  wall  is  being  clogged  up, 
or  that  the  substance  is  not  getting  into  the  cell.  We  already  know 
that  it  gets  into  the  fell.  We  accomplished  this  long  ago  by  using 
drv  weight  data,  interference  microscopy,  and  so  on. 

Table  1  Is  an  illustration  of  the  effect  of  light  intensity  on 
the  protection  afforded  by  inositol  against  the  light.  You  can  see 
that  as  you  increase  the  intensity  of  radiation  into  the  drum,  the  ef¬ 
fectiveness  of  inositol  disappears.  Not  shown  in  the  table  is  the  fact 
that,  if  you  increase  the  intensity  of  the  radiation,  the  effectiveness 
of  your  RH  disappears.  So  the  inositol  phenomenon  is,  by  and  large, 
very  tcuch  the  same  as  water. 


o 

TABLE  i .  Effect  of  irradiation,  2, B00-3, 200  A,  on  survival  of 
airborne  Serrat ia  marcescens  with  and  without  inositol 


Survival  after  30  min  aeroa-l  rinse 


Irradiation  distance 

. 

18" 

m 

No 

irr*di*t ion 

Inositol 

+ 

I 

3  ' 

10 

io4 

9  *  105 

1,2  x  106 

-- 

" 

2  x  103 

--- 
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In  eh*-  f’^urv  (T  i  £  3*  I  hays-  su.mmar  ired  a ;  i  t  he  work 

have  done  j-v*t  a*nv  veers  and  g<>^  wr i<  d--n*»  hv  »rh#*r  Th? 

abscisse  is  the  relative  decay  rs'-t  i  the  *rgeri3ins  m  the  dar  *  ■* 

under  irradiation,  and  the  trends  sh  'V?i  her?  are  n  »f  all  n  the  same 
feeble  since  I  only  want  to  sh;.;w  th<  changes  in  values.  I  am  quite  pre¬ 
pared  to  accept  the  fact  that  in  dark  aerosols  thus*  K  "a  lues,  '»ver  a 
full  S-hr  period,  are  thermodynamically  meaningless »  because  the  decay 
vs-  time  is  not  a  straight  line  --  but  it  la  a  very  convenient  way  of 
expressing  the  results.  Under  irradiation  the  plot  is  a  straight  line 
and  the  decay  rate  can  be  expressed  in  this  way  satisfactorily. 
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FIG,  3.  Combined  relationship  between  water  content 
of  air-dried  cells  of  Serrat i.a  marcescens  and  sens!' 
tivity  to  drying  and  UV  light  as  a  function  of  rela¬ 
tive  humidity, 

the  plot,  K  for  radiation,  v«,  RH,  fa  the  one  I  have  Juat  shown 
you  with  regard  to  the  UV  light  and  the  other  la  that  of  cell*  in  dark 
earoaola  tfien  they  are  aerosolized  from  distilled  water.  The  latter 
become*  severely  modified  by  any  kind  of  added  solid  and  you  may  get 
the  be*c  *urvival  at  60%  or  at  ioroe  other  humidity.  However,  thi*  die- 
tilled  water  pattern  ha*  been  confirmed  by  a  number  ot  other  people. 
A*  the  humidity  decreases,  there  la  a  sudden  increase  in  decay  rate  at 
65%  RH  but  it  doe*  not  increase  quite  so  rapidly  In  the  dark  aerosol 
as  it  does  in  the  irradlatad  ones.  The  bottom  lina  represent*  our  ex¬ 
perience,  and  the  experience  of  tome  other  workers,  with  inositol  as 
protecting  agent.  Thera  does  item  to  be  a  small  region  around  ^0%  RH 

m 
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where  it§  protective  ability  is  not  quite  so  good,  but,  by  and  large, 
very  good  protection  ia  afforded  celle  at  all  RH  level#  and  against  UV 
irradiation . 

The  dotted  curve  is  the  quantity  of  water  in  the  cell  at  these 
RH ' 8 .  Some  of  these  data  are  the  result  of  my  own  investigations,  and 
some  of  the  investigation  of  other  workers  on  the  amount  of  water  present 
in  various  proteins  and  nucleoproteins .  Those  workers  who  have  studied 
the  water  content  of  various  RH  generally  agree  that  even  drying  at  807. 
RH  leaves  only  something  in  the  order  of  3C  g  of  wster/100  g  of  cell¬ 
ular  solids.  This  particular  amount  of  water  ia  agreed  to  be  the  quan¬ 
tity  of  water  actually  bound  to  the  proteins.  It  la  just  enough  to 
give  a  monolayer  of  water  and  it  is  this  water  only  that  remains  bound 
to  the  components  of  airborne  cells.  As  to  RH,  you  can  now  see  what 
happens.  Life  or  death  appear*  to  rely  on  the  bound  water  of  the  cell, 
so  what  we  are  doing  in  aerosols  is  not  just  taking  water  away  from  the 
cell  but  removing  a  structural  entity  from  a  macromolecule.  Apparently 
these  water  molecules  are  vital  to  the  biological  integrity  f  macro- 
mo  1  ecu  lea . 

The  other  thing  1  would  like  to  point  out  la  that  thla  water  la 
not  available  as  a  solvent  for  anything.  It  la  water  bound  to  cellular 
solids  and  is  part  and  participle  of  a  macromolecule;  It  doee  not  act 
as  a  carrier  of  Iona,  or  anything  elae;  It  behaves  much  as  the  water 
In  o»a*nlc  crystals. 

!  nr  if  we  view  these  plots,  we  can  see  that  the  decrease  in  bound 
water  at  707.  RH  coincides  with  the  time  at  which  an  Increase  in  death 
occurs.  The  curves  are  almost  a  mirror  image  of  one  another  and,  In 
fact,  the  point  at  which  the  water  starts  to  drop  vary  rapidly,  at 
about  70%  RH,  is  the  point  at  which  the  decay  rates,  both  in  the  dark 
and  light,  increase  moat  rapidly.  The  other  point  here  le  that  bound 
water  will  prevent  damage  due  to  UV  light  under  these  conditions  and 
we  know  that  inositol  will  prevent  this  damage  also;  in  other  words, 

1c  must  be  replacing  the  water.  To  test  the  hypothesis  further,  we 
used  X-rays  because  we  all  know  chat  X-rays  are  supposed  to  break  water 
molecules . 

Figure  4  shows  the  result  of  preliminary  experiments  on  the 
action  of  X-radiation  from  a  250  KV  X-ray  machine  on  the  death  rate 
of  airborne  cells.  In  thla  figure  the  decay  rate  is  expressed  in 
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biophysical  nr nner  (1/D  ).  As  you  can  see.  X-rays  produce  the  oppo¬ 

site  effect  to  that  of  UV  with  respect  to  RH.  There  is  the  same  sudden 
change  at  about  657.  RH,  but  instead  of  getting  protection  at  the  higher 
RH  ranges,  very  high  decay  rates  are  obtained,  and  as  the  humidity  is 
lowered  decay  rates  decrease.  Many  people  have  stated  that  dry  cells 
are  more  resistant  to  ionizing  radiation  than  are  wet  cells,  but  to  my 
knowledge  no  one  have  ever  correlated  this  with  RH.  The  interesting 
point  from  these  preliminary  studies  is  that  inositol  will  protect 
even  against  X-rays  up  to  a  certain  point;  and  maximum  protection  by 
inos<toi  is  afforded  cell3  at  around  65%  RH. 


TIC.  4.  Effect  of  X-rays  on  sensitivity  of  Serratia 
marcescens .  with  and  without  inositol,  as  a  function 
of  relative  humidity. 


At  the  moment,  the  role  of  DNA  in  the  death  of  cells  la  uncertain, 
but  we  are  fainy  confident  that  inositol  by  virtue  of  its  protective 
action  with  X-ray,  UV  light  and  straight  desiccation.  Is  able  to 
replace  water  molecules  when  they  are  removed  from  macromolecules  tv 
means  of  varying  the  RH.  Again  there  is  no  way  in  which  you  can  ex¬ 
plain  the  X-ray  picture  through  osmotic  or  impinger  effects  or  by 
assuming  that  Inositol  affixes  itself  to  the  outside  of  the  cell  wall. 
We  ail  know  where  the  damage  la  done  as  far  as  UV  light  is  concerned, 
and  we  also  have  some  rough  ideas  as  to  what  X-ray  does  to  water 
molecules . 

To  summarize,  then,  we  must  look  at  the  whole  picture  of  this 


aerosoiization  business.  We  know  lota  of  things;  we  know  first  of 
*11  that  certain  compounds  protect  through  hydroxy  or  aoir.o  groups. 
If  these  groups  are  blocked  by 'asthylation  ,  then  protection  is  lost.  We 
know  that  the  action  of  UV  light  can  be  prevented  by  water,  and  we  also 
know  that  under  conditions  where  an  RH  effect  ia  apparent,  we  can  pre¬ 
vent  the  action  of  the  UV  light  by  protective  compounds  such  as 
inositol.  We  al«o  know  that  certain  cells  are  very  stable  to  aero- 
sollzatlon  and  that  inositol  and  odd  sugars  are  natural  ingredients  of 
those  cells.  We  know  too  that  during  aerosol ization  one  of  the  main 
things  to  happen  to  a  cell  is  the  prevention  of  its  ability  to  synthe¬ 
size  protein,  and  hence  long  lag  phases  are  observed.  We  also  know 
that  th<*  organism  loses  its  ability  to  synthesize  adaptive  enzymes, 
and  a  cell  appears  to  die  because  of  its  inability  to  synthesize  new 
enzymes.  We  also  know  that  the  cell  wall  opens  up  and  certain  things 
leak  out.  We  know  also  that  this  leakage  cannot  be  correlated  with 
death  or  with  survival.  Now  that  we  have  all  this  knowledge  behind  us, 
ve  are  pressing  ahead  and  extending  our  studies  to  viruses  (some  of 
which  we  have  already  published)  and  also  to  animal  cells. 

This  is  -he  picture  we  have  in  mind  right  now.  Within  the  cell 

there  are  macromolecules  of  this  kind  (this  is  a  nucleoprotein,  but  it 

o 

could  be  something  else);  you  have  UV  light  of  up  to  2,800  A  absorbed 

o 

by  the  nucleic  acid  fraction  and  anything  about  2,800  A  will  be  ab¬ 
sorbed  by  the  protein  moiety.  Energy  transfer  resulting  in  damage  to 
a  large  conjugate  molecule  la  considered  to  be  more  easily  achieved  in 
the  absence  of  water  whereas  with  X-ray  direct  action  on  these  water 
linkages  will  disrupt  the  molecule.  The  concept  la  fairly  simple,  and 
ail  we  are  suggesting  ia  that  Inositol  and  some  of  these  other  com¬ 
pounds,  even  some  of  the  carbohydrates,  can  replace  structural  water 
and  preserve  the  cell  un.ler  certain  conditions  of  dryness. 
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DISCUSSION 


Dlmalck:  I  am  glad  to  hear  what  you  aaid  about  the  biological  de¬ 
cay  being  thermodynamically  meanlngleaa  because  that  is  what  I  have  felt 
for  a  long  time  myself,  and  I  came  prepared  to  argue  vociferoualy  here 
since  1  cave  a  lot  about  that  point.  1  think  that  vAiat  you  are  doing 
Is  very  important.  We  need  in  aerobiology,  I  believe,  more  of  a  funda¬ 
mental  and  theoretical  approach,  one  based  upon  a  well-formed  hypothec  is 
and  well-conducted  experimente.  1  think  you  have  done  that,  but  I  still 
wonder  if  inositol,  or  inositol-like  compounds,  are  the  whole  story  here. 
1  am  still  puzzled  about  the  freeze-dried  bacteria  surviving  so  long 
without  water,  and  I  am  puzz.ed  about  the  possible  influence  of  inos¬ 
itol,  or  other  substances,  on  the  whole  physiological  state  of  the  cell  -- 
whether  or  not  we  are  getting  additional  reactions  aside  from  that  of  a 
purely  molecular  action  of  inositol  on  a  particular  site. 

Webb:  Well,  1  don't  see  how  we  can  explain  the  action  of  inositol 
with  the  three  factors  --  desiccation.  X-rays  or  UV  light  --  any  other 
way  than  to  assume  a  molecular  action.  If  you  have  an  alternative,  I 
should  be  glad  to  hear  it.  As  far  as  freeze-drying  is  concerned,  en¬ 
ergy  is  always  needed  to  distort  or  change  a  molecule  ~~  the  mere  re¬ 
moval  cf  water  will  not  necessarily  alter  the  molecule,  especially  if 
the  process  is  carried  out  at  very  low  temperatures,  as  every  enzymol- 
ogist  knows.  We  also  know  that  cells  do  not  die  in  aerosols  held  at 
low  temperature,  even  if  the  RH  Is  also  low.  We  have  to  consider  all 
these  facts  in  s  workable  hypothesis  as  well  as  our  radiation  data. 

Dimraick:  No,  I  can't  argue  the  reaction  due  to  your  irradiation 
studies . 

Webb:  Well,  that  is  why  we  did  it.  The  whole  ieja  of  doing  these 
studies  was  to  test  whether  inositol  would  In  fact  do  this.  It  did. 

Dlmmick:  I  have  no  doubt  chat  it  does,  but  I  do  doubt  Che  exten¬ 
sion  to  the  idea  that  caking  the  water  molecules  sway  from  any  partic¬ 
ular  molecule  will  thus  destroy  the  cell. 

Webb:  As  1  have  stated,  it  may  net.  Temperature  has  to  be  consid¬ 
ered  and  quantity  of  water  left.  In  any  cast,  it  doesn't  destroy  all 
of  them.  A  certain  low  percentage  of  them  will  survive  without  water, 
probably  indefinitely. 

Dlnmlck:  Why? 

Webb :  Because  when  the  water  is  removed  from  the  protein  or  nu¬ 

cleic  acids,  or  whatever  the  macromolecule  happens  to  be,  its  new  con¬ 
figuration  or  bonds  Is  formed  by  chance,  and  some  allow  it  to  return  to 
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normal  on  rthvdrai i an .  This  is  a  thanes  affair  which  mc>  vary  with 
different  species  but  there  will  be  a  lew  that  will  survive,  and  will 
survive  indefinitely  until  you  s'.art  putting  water  back  in.  Then  you 
have  a  different  phenomenon  altogether,  because  the  first  thing  that 
happens  on  rehydration,  particularly  if  conducted  very  slowly,  is  tho 
absorption  of  the  water  and  tremendous  heat  production.  Tills  heat  alone 
can  kill  unless  you  rehydrate  with  large  amounts  of  water.  There  is 
also  lute  of  competition  for  water,  and  water  itself  may  act  on  a  mole¬ 
cule  and  distort  it.  I  know  the  people  at  Detrick  have  studied  this 
phenomenon  with  dried  cells. 

Meekly  I  think  that  has  a  strong  bearing  on  the  point  of  why  the 
bacteria  die  when  you  rehydrate,  but  you  also.,  indicated  that  death  was 
due  tc  water  removal.  If  you  rehydrated  at  room  temperature,  we  found 
that  you  have  greater  kill  than  if  you  do  the  rehydration  in  the  ice¬ 
box  at  2°,  for  Instance.  So,  perhaps  it  is  simply  the  heat  production 
at  the  sites  on  proteins  that  kills.  Perhaps  these  two  ideas  are  still 
compatible  then,  as  I  first  thought  that  your  whole  idea  was  that  it  is 
the  taking  away  of  water  that  produces  killing,  and  we  had  observed 
killing  when  you  put  the  water  back  in. 

Webb:  You  get  killing  both  ways.  If  you  take  cells  right  down  to 
dryness  and  follow  water  loss,  then  put  the  water  back  In  slowly,  you 
get  a  good  hysteresis.  It  seems  that  the  water  does  not  go  back  in  the 
same  place.  If  you  rehydrate  with  lots  of  water  you  cut  down  two 
things  --  localisation  of  heat  and  competition  between  the  groups  for 
molecules  of  the  wacer.  1  feel  the  latter  ia  equally  as  important  as 
far  as  rehydretlon  kill  Is  concerned  and,  of  course,  dehydration  and  UV 

death . 

VFTF*:  I  wonder  how  you  explain  the  difference  that  apparently 

arises  in  your  findings  end  Interpretations  with  the  fact  that  other 
people  feel  that  the  formation  of  thymine  dimers  Is  the  cause  of  the 
inactivation  as  the  result  of  the  UV  on  DNA. 

Webb:  I  am  not  trying  to  say  anything  about  thymine  dimers. 

All  1  is  saying  ia  that  inositol  and  water  prevent  damage.  You  eee, 
the  UV  has  to  be  absorbed  by  the  bases  to  cause  death  and  this  kind  cf 
absorbed  energy  has  tc  dissipate  someUiere  along  the  line.  All  I  am 
saying  is  that  the  water  end  inositol  obviously  act  as  dampers  of  en¬ 
ergy  transfer  and  allow  energy  dissipation  without  molecular  damage. 

In  doing  so,  perhaps  they  prevent  dimer  formation. 


*  VFTF  *  Voice-  from  the  floor. 
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BEHAVIOR  OF  COLORADO  TICK  FEVER, 
VESICULAR  STOMATITIS,  NEUROVACCINIA  AND 
ENCEPHALOMYOCARD  IT  I S  VIRUSES 
IN  THE  AIRBORNE  STATE 


H.  M,  S.  Watkins,  L.  J.  Coldbr-yg,  E.  F.  »eig  and  V.  R.  Leif 

Naval  Biological  Laboratory,  School  of  Public  Health, 
University  o£  California,  Berkeley 


In  recent  years,  many  reports  have  appeared  describing  the  in¬ 
fluence  of  temperature  and  relative  humidity  (R1S)  on  airborne  bacteria; 
however,  with  the  exception  of  gome  work  prior  to  1950  with  influents 
virus,  the  only  reports  oti  viruses  have  been  those  of  Renoes  in  1%0 
on  influenza  and  poliovirus,  and  of  Harper  in  1961  on  influenza,  polio¬ 
virus,  vaccinia  and  Venezuelan  equine  encephalocjyeUti s  viruses.  No 
reports  are  known  to  us  comparing  che  aerosol  behavior  of  different 
viruses  that  have  been  produced  and  assayed  in  a  single  host  species. 
This  paper  primarily  presents  some  results  of  such  a  study  utilising 
four  viruses,  namely,  vesicular  stomatitis,  neurovaccinia,  Columbia-SK 
and  Colorado  tick  fever  viruses,  each  aerosolized  in  the  NBL  rotating 
drums . 

In  1958  Goldberg  introduced  the  use  of  large,  slowly  rotating 
stainless  steel  drums  of  the  type  depicted  in  Fig.  1  as  instruments 
suitable  for  containing  aerosols  of  pathogenic  organisms  during  pro¬ 
longed  studies  on  the  effects  of  temperature  end  RH  on  the  survival 
of  airborne  microorganisms. 

Physical  loss  In  such  drums  is  less  than  50%  in  24  hr.  At  NSL 
such  loss  is  monitored  photometrically  by  means  of  a  device  which  de¬ 
termines  the  light  scatter  of  airborne  particulates.  Biological  lota 
is  based  upon  growth  or  infectivity  titrations  of  organisms  in  air 
samples  collected  at  suitable  intervals.  In  the  studies  to  be  described. 
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each  virus  was  harvested  from  the  infected  brains  of  t&oribued  suckling 
mice.  Hie  brain  tissue  was  usually  homogenised  in  0.5%  lactalbumin 
enzymatic  hydrolysate  in  Earl «'*  balanced  salt  solution,  residual 
tissue  fragment*  being  removed  by  centrifugation.  In  some  instances, 
0.17.  bovine  albumin  fraction  V  was  added  to  the  above  fluid.  Colorado 
tick  fever  virus  was  usually  harvested  in  100%  rabbit  seruns,  although 
a  brief  series  of  comparative  aerosol  trials  at  70  F  indicated  no  pref¬ 
erence  for  this  suspending  fiuid  over  the  fortified  lactalbumin  hydro¬ 
lysate  . 

Virus  was  serosoliied  into  the  rotating  drums  at  controlled  air 
temperature  with  Eh  established  at  nominally  10%,  intervals  over  a 
range,  for  the  most  part,  extending  between  20-80%  RH.  Virus  was  en¬ 
trained  from  a  Wells-type  refluxing  atomiser  in  the  air  stream,  enter¬ 
ing  the  drums  during  a  10-min  period,  This  was  followed  by  a  5-min 
equilibration  period  prior  to  collection  of  a  5-min  aeroaol  a ample  in 
an  all-glass  impinger  containing  lactalbumin  hydrolysate  and  antifoam. 
Samples  were  collected  from  the  air  stream  and,  at  suitable  intervals 
up  to  6  hr  of  aerosol  age,  from  the  drums.  At  the  lower  temperatures 
tested,  samples  were  also  collected  at  28,  48  and  72  hr  of  aeroaol 
age.  Virus  survival  was  assayed  on  the  basis  of  lafectivity  of  the 
samples  titered  by  intraper itoneal  inoculation  in  suckling  mice;  in 
many  experiments  with  vesicular  stomatitis  and  neurovaccinia  viruses, 
plaque  assay  in  chick  fibroblast  monolayers  was  also  used. 

Data  typical  of  our  observations  are  plotted  in  Fig.  2,  which 
illustrates  the  decay  of  airborne  vesicular  stomatitis  virus  at  90  f 
and  a  nominal  35,  40,  45  and  50%  RH.  Typically,  such  data  indicates 
a  rapid  early  decline  in  surviving  virus,  followed  by  a  second,  sub¬ 
stantially  more  resistant  stage.  Such  two-stage  decay  curve*  ar* 

essentially  similar  to  those  that  have  bean  reported  for  many  bacteria. 

Rotating  drums,  ss  employed  in  this  study,  are  not  particularly 
useful  for  detailed  examination  of  the  first  rapid  stag*  of  viral 
decline;  accordingly,  further  comment  in  this  paper  should  be  under¬ 
stood  to  apply  to  the  second-stage  portion#  of  aeroaol  decay  observed 
during  the  period  from  15  min  after  the  start  of  aarosolisation  to 
6  hr  of  aerosol  age  thereafter. 

One  say  inquire  what  reproducibility  of  observation*  could  b* 
attained  in  aerosol  studies  as  we  have  conducted  them.  Two  example* 
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FIG.  2.  Effect  of  relative  humidity  (RH)  on 
vesicular  stomatitis  virus  aerosol  decay  ct  90  F 

are  shown  in  Fig.  3.  The  two  curves  illustrate  the  marked  variation 
occasionally  encountered  between  two  batches  of  mouse  passage  virus 
seemingly  prepared  in  the  same  manner  and  possessing  similar  initial 
tite’-s,  but  showing  substantially  different  aerosol  stability.  This 
variation  may  be  contrasted  with  the  results  obtained  from  aerosollza- 
tion  of  eicher  one  of  these  batches  in  one  drum  irt  comparable  trials 
on  several  successive  days.  Under  such  conditions,  using  a  single  batch, 
comparable  observations  fluctuated  over  a  range  of  titers  somewhat  less 
than  1  log.  Assays  in  tissue  culture,  as  might  be  expected,  gave 
better  replication  than  did  assays  in  mice;  otherwise,  results  obtained 
by  either  method  were  comparable.  Reproduction  of  operating  conditions 
end  of  observations  became  more  difficult  in  aerosols  maintained  for 
several  days,  the  apparatus  being  incapable  of  maintaining  predicted 
temperature  more  precisely  than  approx imate ly  t2  F  over  such  a  time 
period.  Temperature  and  RH  variation  in  trials  on  successive  days  are 
also  illustrated  by  examples  in  Fig.  3,  wherein  the  temperature  range 
for  four  successive  ivr.s  was  90-92  F  and  the  RH  range  24-40Z. 
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FIG.  3-  Variability  in  similar  veslcuar  stomatitis  viru*  aerosol*. 

Accordingly,  although  reproduction  of  operation  conditions  and  of 
observations  was  difficult  to  obtain  and  maintain,  with  the  result  that 
data  cited  in  this  paper  cannot  be  considered  strictly  quantitative 
with  respect  to  the  designated  temperatures  and  RH,  replication  of  ob¬ 
servations  within  the  ranges  Indicated  above  is  considered  quite  ade¬ 
quate  to  establish  the  trends  and  contrasts  with  which  the  remainder 
of  this  paper  is  concerned. 

Within  such  limitations,  the  response-patterns  of  vesicular  stoma¬ 
titis  virus  aerosol*  have  been  examined  at  four  temperatures  over  a 
wide  range  of  RH.  The  results  are  illustrated  in  Fig.  4,  where  the 
relative  viral  loss  after  5  hr  aerosol  age  is  plotted  for  50,  70,  80 
and  90  F  at  RH  ranging  between  20-807..  It  is  apparent  that  the  re¬ 
sponse  to  changes  in  RH  is  complex,  with  maximal  stability  occurring 
in  the  regions  of  20  and  807.,  whereas  minimal  stability  was  observed 
near  507..  With  successive  increases  in  temperature,  the  rate  of  aero¬ 
sol  decay  was  enhanced,  but  the  general  pattern  of  reaponse  to  RH 
remained  essentially  the  same.  Again,  the  loss  of  viral  activity  was 
moat  marked  near  5071  RH;  in  this  region  at  temperatures  of  80  snd  90  F, 
no  virus  was  recovered  after  4  end  3  hr  aerosol  age,  respectively. 
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flG.  4.  Effect  of  temperature  end  relative  humidity 
on  vesicular  stomatitis  virus  aerosols  aged  5-6  hr 


Similar,  but  more  limited,  studies  have  been  made  of  three  other 
viruses  selected  for  their  capacity  to  produce  high  titer  virus  in 
infected  suckling  mouse  brain  following  intraperitoneal  inoculation. 
Theae  were  single  strains  of  neurovaccinia  and  of  Columbia-SK  viruses, 
and  several  strains  of  Colorado  tick  fever  virus.  With  minor  exceptions, 
all  were  produced,  suspended,  aerosolized  and  assayed  from  serose  1 
samples  in  a  similar  manner.  Yet,  at'  shewn  in  Fig.  5,  each  of  these 
viruses  differed  markedly  in  its  aerosol  stability  at  RH  ranging  be¬ 
tween  20  and  80%.  The  response  pattern  of  Che  neurovaccinia  strain  was 
similar  to  that  of  the  vesicular  stomatitis  virus;  however,  the  neuro¬ 
vaccinia  virus  was  substantially  more  t emperature-resistsnt  in  chat 
its  aerosol  stability  it  80  F  was  comparable  to  that  of  vesicular  stoma¬ 
titis  virus  at  70  F.  both  of  these  viruses  showed  midrange  RH  sensi¬ 
tivity,  but  high  stability  at  both  extremes  of  low  and  high  RH.  This 
may  be  contrasted  with  t^e  response-pattei a  of  the  other  two  viruses, 
namely,  Columbia-SK  and  Colorado  tick  fever,  both  of  which  showed  good 
stability  at  high  RH,  but  high  sensitivity  at  low  RH.  Further,  theae 
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RE  COVE 


In  the  introduction  to  this  paper ,  we  i«p'iied  that  the  variation 
in  the  response-pat  tern  of  various  viruses  sight  in  %oem  degree  be  at- 
£t  ibutdble  to  their  production  in  different  hosts,  ifc  have  recently 
attempted  to  demonstrate  this  by  producing  vesicular  stomatitis  virus 
both  by  mouse  passage  and  by  passage  in  chick  fibroblasts.  These 
studies  arc  still  incossplete *  but  m  general  they  indicate  that  a  single 
virus  produced  Irs  twu  different  host  ays  terns  stay  indeed  vary  nsarkedly 
in  aerosol  characteristic*.  Secondly,  different  viruses  pre-iuced  in  a 
single  host  *y#tes>  may  manifest  an  aerosol- response  pattern  that,  to 
a  large  extent  independent  of  treatment,  is  characteristic  of  the 
particular  virus  employed. 
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DISCUSSION 

i.  Miller:  You  had  two  kinds  of  corves  —  did  you  have  a  DMA  and 

RNA  in  each  ter.  of  curves? 

Watkins :  Not  each  aet.  We  have  two  other  viruses  in  there  --  I 

don't  know  which  they  are. 

L.  Miller:  You  have  no  idea  why  they  should  be  so  different 
no  chuaical  or  physical  explanation? 

Watkins :  At  this  sttge,  no.  We  have  worked  some  with  vesicular 
Stomatitis  produced  in  chick  fibroblast  and  find  that  it  is  markedly 
more  resistant  that  when  it  is  produced  in  mice,  and  on  a  very  pre¬ 
liminary  glance  at  it  over  a  range  of  RH,  it  follows  the  same  pattern 
but  at  a  more  resistant  level.  We  hsven't  gone  beyond  that. 
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THE  INFLUENCE  Of  STORAGE,  AEROSOL!  ZAT I  ON 
AND  REHYDRATiON  ON  THE  PERMEABILITY 
OF  PASTEUREUA  TULARENSIS  TO  PHOSPHATE  IONS 


D.  K.  Hayes,  W.  L.  8smcs Berger ,  and  V.  J,  Csbelli 

Uigvay  Proving  Ground 
Dugvsy ,  Utah 


During  the  development  oi  a  solution  for  collecting  aerosolized 
Pttateure 1 1  a  tularensls ,  Cabell i  (1962)  observed  that  the  viable  recov¬ 
eries  of  this  organises  were  greatly  enhanced  by  the  presence  of  phos¬ 
phate  ion  in  the  collecting  fluid.  He  also  observed  that  a  number  of 
car bohydrates ,  particularly  aeiezitose,  trehalose  and  sucrose,  and  the 
polyhydric  alcohol,  inositol,  improved  recoveries.  Cabeili  suggested 
that  the  effectiveness  of  these  compounds  was  related  to  their  ability 
to  obviate  the  effects  of  changes  in  cell  permeability  due  to  the 
stress  of  collection. 

In  th«  work  reported  here,  the  behavior  of  the  phosphate  ion  was 
examined  in  greeter  detail  in  order  to  elucidate  processes  which  occur 
within  the  bacterial  cell  and  at  the  call  membrane  during  collection. 
Since  properties  of  aged  cells  ere  different  from  those  of  fresh  cells, 
tome  of  the  changes  occurring  during  eging  were  else  to  be  examined  in 
both  unaerasalised  end  aeroaolised  cells. 

Phosphates  end  phosphorus  compounds  art  important  in  a  number  of 
synthetic  cellular  processes  end  in  intermediary  matabollam.  Phos¬ 
phates  also  constituta  ona  of  cha  buffar  system*  of  the  cell.  It  it 
logical  to  expect  thet  s  disturbance  In  phosphate  transport  could  af¬ 
fect  culturabil lty  of  the  cell.  If  reasons  for  tha  phosphate  require¬ 
ment  were  elucidated,  e  sound  basis  would  be  provided  for  prevention 
of  the  deleterious  effects  of  collection  and  holding. 
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A  nusaber  of  worker*  have  observed  that  phosphate  metsboi ixm  is  a ! - 
tetsd  during  ag  s  ng  and  sires*  During  the  smns  process  phosphatase 
activity  increases  tn  animi!  eciis  and  there  is  uncoupling  of  oxidation 
frees  phosphorylation  (Bourne,  1962).  Stresses,  such  as  carbon  dioxide 
irstoxicat  Jon ,  liter  body  fluid  phosphate  levels  in  both  invar  tebrati-s 
tad  vertebrates  (Brown  and  Frtlti,  1957;  Hayes,  1961).  Cellular  phos¬ 
phate  tael  aboil  sa  in  P.  tu  I  arena  is  may  be  affected  in  one  or  more  of  the 
following  ways; 

I.  the  ability  of  the  cell  to  take  up  phosphate  ions  aiay  be  de¬ 
creased  due  t<>  decreases  in  activity  of  enrytiies  winch  are  related  to 
the  transport  of'  phosphate  or  due  to  injury  to  a  specific  phosphate 
transport  site  in  the  p issffia  aaEtbrane. 

V  Injury  to  the  suspending  fluid  interface  way  re*  l*  an 

increase  In  the  tlie  of  "pores"  in  this  interface.  Ions  and  ssmII 
organic  metabolites  could  then  diffuse  in  or  out  depending  on  the 
direction  in  which  the  concentration  gradient  existed.  In  an  unfavor¬ 
able  collecting  fluid  such  as  gelatin-saline  (0.1%  gelatin,  O.BSX  SaCl), 
a  cell  could  lose  many  low  molecular  weight  cell  constituents 

■*.  Injury  may  increase  the  intracellular  space  available  tD 
phosphate  tons. 

4.  Stresses  may  activate  esterase*  which  hydrolyse  organic 
phosphates,  thus  increasing  the  intracellular  inorganic  phosphate 
which  can  than  diffuse  outward  or  exchange  with  extracellular  phosphate 
Iona . 

In  the  experiment*  described  here,  the  organism  studied  was  the 
Schu  3  strain  of  P.  tularemia ■  To  study  ion  movement,  ceil  suspen¬ 
sions  ware  washsd  In  s  sucrose  (51) -Inositol  (2,7%)  solution,  and  then 
resuspended  in  th*  test  solution.  Aerosols  were  producing  using  s  Uni¬ 
versity  of  Chicago  Technical  Laboratory  Atomiser  in  the  Reynier  cham¬ 
ber.  Clouds  were  dynamic  and  collections  were  made  for  10  min,  using 
the  ill-glass  Lmplnger  with  s  fill  of  IS. 5  ml  and  an  sir  flow  rate  of 
6  liters/min.  Trichloroacetic  acid-soluble  phosphorus  was  determined 
by  the  method  of  Flake  and  Subbarov  (1925)  and  total  phosphorus  by  the 
same  method  on  sulfuric  scid  digests  of  collecting  fluids  snd  wished 
cells 

Prel'minary  experiments  were  performed  to  determine  s  suitable 
wash  fluid  for  Che  bacterial  cells.  The  composition  of  the  wash 
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solution  was  1'ssed  on  sn  observation  made  by  Cabeili  (1962)  which 
indicated  that  cue  1  et  i  t  ose  -  i  nos  i  t  o  1  solutions  were  extremely  effective 
in  enhancing  eul Curable  cell  recoveries  and  that  sucrose  was  nearly  as 
effective  as  aelezitose.  Meletitose  is  expensive  and  difficult  Co 
obtain  in  the  kilogram  quantities  required  for  preparation  of  col¬ 
lecting  solutions.  Sucrose  was  therefore  utilized  as  a  substitute. 
Washed  cells  were  suspended  in  solutions  cental "inf  ? .  7%  tim*irAi 
and  varying  concentration*  of  sucrose.  The  ceils  were  held  at  4  C, 
rooa  temperature  and  37  C  for  24  hr.  Hie  solution  containing  5% 
sucrose  permitted  recovery  of  951  of  the  original  cell  population, 
in  22?.  sucrose,  only  567.  of  the  original  population  was  cultursble- 
Intracellular  inorganic  phosphorus  in  the  cells  held  at.  the  high  su¬ 
crose  concentration  was  887.  of  that  observed  in  cells  held  ir.  the  5% 
solution . 

At  a  holding  temperature  of  37  C,  intracellular  inorganic  phos¬ 
phorus  of  cells  held  in  concentrated  sucrose  solution  was  only  38% 
of  that  observed  in  cells  held  in  the  dilute  solution.  So  sucrose- 
inositol  solution  was  favorable  for  holding  24  hr  at  37  C.  However, 
in  the  solution  of  lower  sucrose  concentrat ion,  the  recovery  of  0.4% 
of  the  original  population  was  greater  than  twice  the  recovery  in  the 
solution  containing  22%  sucrose-  In  solutions  containing  sucrose  in 
concentrations  intermediate  between  5  and  22%,  values  for  cellular 
inorganic  phosphate  ly<»*3  between  these  extremes  were  obtained.  At 
room  temperature,  valuea  for  the  recoverable  proportion  of  the  orlg* 
inal  population  and  the  phosphate  content  of  the  cells  ley  between 
those  obtained  et  higher  end  lower  temperatures. 

In  the  cell  preparations  held  at  room  temperature.  It  was  ap¬ 
parent.  that  more  Inorganic  phosphate  was  lost  than  could  be  accounted 
for  by  inorganic  phosphate  found  in  the  cell  held  et  4  C.  This  sug¬ 
gested  that,  as  the  temperature  increased,  Inorganic  phosphate  wee 
produced  by  entymetic  activity  or  by  decomposition  of  organic  phos¬ 
phate.  In  Table  1,  data  obtained  with  the  5%  sucrose-2. 7%  inositol 
solution  are  presented.  In  one  experiment,  total  cellular  phosphate 
was  also  determined.  The  lest  two  columns  in  the  table  indicate  that 
almost  ell  of  the  phosphate  lost  is  inorganic  phosphate,  elnce  the 

levels  of  the  inorganic  end  total  phosphate  are  nearly  the  earn*,  within 
the  limits  of  experimental  error. 
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TABU.  1.  tflc'Ct  ~  i  t  e  st»p  (‘fat  u  i  e  >n  u-!!:ju'r  pi-..-spn  ? 

in  Past  nure  1  I  a  in  larensis  b )  :V 


Tt  mp 

C 

1  ug  Inorganic  P 
|  Trial  :  per  cc  Ceil 
j  i  Suspension 

ug  Total  P  |  ug  Inorganic  ?  ! 
per  cc  Cel  1  per  cc 

|  Suspension  j  Superuant  i 

>4  Total  P 
pat  c  4. 
Superr.ant 

* 

1  5? 

7 

; 

IX 

j  60 

413  1 

115 

12  3 

1  I 

31 

i 

i 

i 

1? 

* 

| 

!  n 

i 

|  55 

387  i 

j  ; 

I?  , 

'  O  i 

3? 

X 

II 

1  & 

i  25 

|  « 

!  31 

i  32 

1 

*  Washed  cells  suspended  for  24  hr  in  5T  sucrose-2 . 7/  inositol 
solution.  Initial  concentration  of  cells  per  cc  suspension. 
Trial  I  1.0  X  10!0;  Triai  IX  8.1  x  1010. 


Figure  1  indicates  the  method  used  to  prepare  ceils  for  phosphate 
analysis-  The  IC-min  co,  tec  t :  -m  period  results  in  approx  imate  ly  the 
same  nuinbe’-  of  cells  initial  in  all  three  collecting  fluids,  as 
indicated  by  plate  counts.  Tabl*  2  indicates  the  composition  of  SYN 
fluid.  Of  particular  interest  is  the  presence-  of  phosphate,  inositol, 
and  sucrose.  After  holding  18- 24  hr,  recoveries  of  culturable  cells 
in  SYN  are  demons  tr  alt  ly  superior  to  those  in  ge la t in-sal ine  .  Table  3 
contains  the  results  of  studies  conducted  at  50*4  relative  humidity 
(RH) .  These  data  indicate  that  there  is  a  decrease  in  the  inorganic 
phosphate  In  gela  tii.-sal  ine  after  IS  hr  of  holding.  Differences  at 
1  hr  among  cellular  inorganic  phosphate  concentrations  in  these  col¬ 
lecting  fluids  probably  have  less  meaning  than  those  differences  ob¬ 
served  at  18  hr.  Differences  after  holding  are  observed  between  SYN 
and  the  other  fluids  a'  34  days  and  48  days.  Differences  between 
Sucrose- inos itol  and  gel  saline  are  significant  at  33  diys,  but  not 
at  *7  days.  Hus  suggests  that  sucrose-inositol  is  no  longer  able  t~ 
procect  aged  cells  against  the  effects  of  aerosol  izat ton  at  50*i  RH . 
In  cells  collected  at  80*i  RH,  higher  concentrations  of  -eliuiar  inor¬ 
ganic  phosphate  are  maintained  in  SYN  alter  IS  hr  of  holding-  Ac  the 
higher  RK,  differences  between  sucrose- .nositol  and  gelatin-saline 
after  18  hr  of  holding  are  significant  at  20  days,  buc  not  at  4?  days. 
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SYN  (300  cei 
Pool  all  impingers-  Plate 
Centrifuge  Aiiqucits  at 


Suspetijlon 

f 

Aerosoiize 
i dynamic  cloud! 

♦ 

■  Collect  10  Minutes . 

I 

Gel  Saline  (300  ec? 
Poo!  ail  impingers- Plate 
Centrifuge  Aliquots  at 


Sucrose-  iratsltoi  (300  cc) 
Pool  ail  (roplngers- Plate 
Centrifuge  Aifquots  at 


I  hr 


18  hr s 


1  hr 


IS  hrs 


1  hr 


IShrs 


Mfash  cell  twice  -  Sucrose- inositol  Determine  inorganic  phesphated  washed  cells 


FXG.  t .  Preparation  of  ceils  for  inorganic  phosphate  analysis 


TABLE  2.  Composition  of  STS  Fluid. 


Sucrose 

Per  cent 

2.6 

i-lnos itoi 

2.7 

Thiourea 

0.1 

1-Cyste ine .HC1 

0.1 

1 -Hi  * tidine . HC1 

0-05 

Sperm  id  ine  .  FCL 

0.002 

k2k?o4 

0.38 

kh2p°4 

0. 11 

pH  adjusted  to  70 
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TABLF  3.  Inorganic  nhosphate  concent  of  aerosolized 


I  Pasteurella 

tul arena. is  fSehu  5) 

] 

Ce 1 1  Age  ! 
Days  j 

Holding  Time 
Hours 

Ug  Inorganic  Phosphorus  Content 
(i  standard  error)  of  Cells''*  Collected  in 

SYS* 

Gel  Saline 

Sucrose* tol 

19 

1 

18 

1  3.70  t  0,43  i 
2.55  t  0.25 

. -  -  -j 

1.S7  t  0,28  1 
1.04  ±  0.0  \ 

3.77  t  0.04 

32 

5 

18 

!  3.10  t  0.69 
|  3.25  t  0.63 

2.53  ±  0.48  | 
0.71  i  0.17 

|  2.23  t  0.17 
[  1.77  i  0.07 

4? 

1 

18 

1.84  t  0,84 
3.04  t  0.39 

1  ,63  i  0.18 
j  1.79  t  0.09  ] 

i  3 . 53  t  0 . 20 

1.93  *  0.21 

*  Kelative  humidity,  50%;  Temperature,  50  F;  Dynamic  Cloud, 

Reynier  Chamber,  18.5  ml  ioplnger  fill,  all-glass  impinger, 
6  l/<nifi  flow  rate,  10  min  collection. 


O  Cells  harvested  from  35  cc  impinger  fluid. 

J  Culturable  cells  collected  per  cc  SYN  -  19  days  -  4,78  y.  109 

32  days  -  3.10  x  109 
47  days  -  1.31  x  109 


These  observations  are  consistent  with  the  hypothesis  that  organic 
phosphate  is  lost  from  the  cell  as  it  is  held  in  a  phosphate-free  fluid 
for  an  extended  period  of  time.  Up  to  a  culture  age  of  34  days ,  a 
sucrose- inositol  solution  is  more  effective  than  a  gel-saline  solution 
in  preventing  outward  movement  of  phosphate  from  the  cell. 

Inorganic  phosphorus  levels,  although  significantly  different  in 
the  ceils  collected  in  these  three  fluids,  did  not  drop  to  undetectable 
levels.  This  suggested  that  there  was  a  source  of  phosphate  ions 
within  the  cell.  Figure  2  shows  a  schematic  diagram  of  the  theoret¬ 
ical  phosphate  equilibria  existing  in  the  cell  in  the  steady  state, 
Under  stress,  and  certainly  as  the  temperature  is  changed,  the  posi¬ 
tion  of  the  equilibrium  could  be  shifted.  Ibis  could  be  s  mechanism 
for  maintaining  the  cellular  inorganic  phosphate  within  defined  limits. 
The  process  of  transport  at  the  cell-external  solution  interface  could 
be  the  critical  one  in  maintaining  the  internal  intracellular  phosphate 
within  limits  consistent  with  cul turability . 

Table  4  contain*  a  comparison  between  inorganic  and  total 
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phosphate  content  of  aerosolized  cells  before  and  after  fielding.  In 
gel-sai in* ,  an  undesirable  collecting  fluid,  inorganic  phosphate  drops 
approximately  30%,  while  in  three  trial*,  total  phosphate  drops  60%. 
this  indicates  that  under  stress  a  breakdown  of  total  phosphate  occurs 
and  that  inorganic  phosphate  is  maintained  at  the  iswast  limit  the 
cell  membrane  can  retain, 


Stable  intracellular 
ORGANIC  P 


/ 


Labile  Intracellular 
ORGANIC  P 


Intracellular 

pi 

(Possibly  loosely 
associated  with 
hsacromoiecuiar 
constituents) 


‘Extracellular  Pj 


FIG.  2-  Theoretical  steady  state,  phosphate  equilibria  in  a  cell 


TABLE  4.  Cellular  inorganic  and  total  phosphate  in  aerosolized 
Faateurelia  tultrenait  (Schu  5) 


X  change  after  holding  18 

hr 

Collecting  Fluid 

Inorganic 

phosphate 

Total  phosphate 

Trial  II 

Trial  I 

Trial  II 

Trial  III 

SYN 

-16.7 

-10.1 

+  4.3 

+23 

Gel -Saline 

-29 

-63 

-64 

-55 

Sucrose 

-15 

mBSsaamtetsstmsaesam 

-30 

+  2.5 

Trials  I  and  II  -  50%  RH,  50  C.  Chicago  atomizer,  Reynier  Chamber, 
Dynamic  uloud,  10  min  collections,  all-glaaa 
ioptnger,  6  1/toin  flow  rate  18.5  ml  fill. 


Trial  III  -  80%  RH,  other  conditions  similar. 
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In  summary,  there  Appear*  to  be  a  factor  which  is  age  dependent 
in  the  ability  of  the  aerosolized  cell  to  eiamcain  phosphate  against  a 
concentration  gradient.  Organic  phosphates  appear  to  be  the  source  of 
a  portion  of  the  inorganic  phosphate  lost  by  the  cell. 
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DISCUSSION 

Midd lebrook :  You  didn't  mention  anything  about  the  study  of 

polyphosphates  and  I  wondered  if  you  had  done  any  studies  of  poly- 
phosphate  in  morphological  terms  of  granules  or  measurement  of  poly¬ 
phosphate  in  the  cell  at  different  ages,  aerosol ised  and  so  forth. 

Haves:  I  think  this  would  be  a  very  worthwhile  thing  to  do  but 

I  haven't  had  time  to  do  it. 

LeJeune:  We  have  had  problems  with  aspiration  of  SC  I;  I  think 

Ihr.  Cabclli  has  also  experienced  trouble  with  collecting  fluid  in 
which  you  could  aspirate  BG-  We  found  that  by  tripling  the  eoncentra 
tion  of  phosphates  we  eliminated  this  aspiration  loss  -*  this  may  have 
some  bearing  on  the  same  problem.  Why  it  should  be  manifested  in  £. 
tularensl*  in  an  aerosol  and  yet  not  show  up  in  s  spore  until  you  get 
it  back  into  the  collection  fluid  and  start  aspiration  --  whether  the 
same  process  or  same  mechanism  is  involved  --  I  don't  know.  But  cer 
tainly  this  could  help  to  explain  why  the  mere  addition  of  more  phos 

phate  to  the  collecting  fluid  solved  our  aspiration  loss. 

* 

VTTF  :  In  this  respect  you  might  like  to  know  that  Dr.  Frank 

Harold  has  experimented  with  different  types  of  phosphate  and  poly¬ 
phosphate  metabolism  and  his  findings  might  be  extremely  useful  in 
this  sort  of  study. 

VFTT :  We,  too,  have  found  that  the  viability  of  the  cell  is 

highly  dependent  on  collection  method  and  on  the  phosphate  concentra¬ 
tion,  similar  to  the  results  presented  here. 


*  VFTT  •  Voice  from  the  floor. 
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SUMMARY  Of  DISCUSSION  OF  PROBLEMS 
RELATING  TO  THE  SAMPLING 
OF  MICROBIAL  AEROSOLS* 


T.  W.  Kcthley,  Moderator 


A  committee  composed  of  Messrs.  Dlsosick,  Ehrlich,  Kethley,  Madin, 
Silver,  and  Wolf<  chose  the  topic  "Sampling  Microbial  Aerosols”  for 
Saturday  morning’s  discussion.  far  the  purpose  of  conciseness,  only 
the  man.  pertinent  ideas  have  been  included  herein.  Names  of  individual 
speakers  have,  for  the  most  part,  been  omitted.  References  to  prac¬ 
tical  problems  and  to  theoretical  questions  not  directly  associated 
with  sampling  were  retained  since  they  point  to  needed  areas  of  re- 
search  - 

Professor  Kethley  moderated  the  discussion,  pointing  out  that 
sampling  Is  still  an  art.  Hie  sampling  method  employed  must  be  se¬ 
lected  according  to  the  specific  answers  desired  since  no  single  sam¬ 
pler,  or  sampling  technique,  can  possibly  satisfy  alt  requirements. 

It  was  suggested  that  if  each  investigator  reported  the  reaults 
of  at  least  a  few  samples  from  a  reference  sampler,  we  might  be  better 
able  to  interpret  the  data  presented  in  our  own  frame  of  reference. 
It  was  pointed  out  that  whenever  e  mechanical  sampler  wae  considered 
for  use  by  everyone,  all  of  the  sampler's  pecularities  and  all  spe¬ 
cifics  regarding  sampling  procedures  must  be  spelled  out;  otherwise 
incorrect  sampling  techniques  could  yield  erroneous  results. 


*  Mr.  Willies  Miller,  Fort  Detrick,  Frederick,  Maryland,  provided 
editorial  assistance  (Editor). 
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There  vat  a  suggestion  that  a  "predictable"  percentage  of  organ¬ 
ism*  wnuld  he  killed  by  a  mechanical  stapler.  Many  consider  this  un¬ 
acceptable;  no  sampler  should  affect  viability  of  the  organism.  Others 
argued  that  as  long  as  the  percentage  is  known  and  consistent,  there 
is  no  problem.  It  'seetaed  reasonsfcle  to  suppose  that  a  standard  sam¬ 
pling  technique  1  >ii«d  establishing  standards  for  particular  groups 
of  f»r ob lease ,  but  not  for  the  entire  sampling  problem  existing  through¬ 
out  aerobiology.  A  few  argued  that  an  important  part  of  the  problem 
concern*  those  factors  influencing  the  survival  capacity  of  organisms, 
the  influence  of  ‘Vchuaiidif fsatlcjj",  as  reported  at  this  conference, 
was  listed  as  an  example.  Although  death  mechanists*  are  Important,  we 
simply  do  not  have  enough  information  at  this  tin*  to  make  meaningful 
statements . 

We  need  to  be  able  to  predict  what  will  happen  to  animals  exposed 
to  the  number  of  viable  ceils  determined  by  our  sampling  methods. 
There  is  a  decided  interest  as  to  the  relative  importance  j£  the  var¬ 
ious  acts  leading  to  infection;  i.e.  the  conditions  prevailing  when 
the  organism  is  airborne,  when  the  organism  is  traveling  toward  the 
host,  ar.d  when  the  organism  alights  in  the  alveoli,  as  well  as  the  de¬ 
gree  of  infectivlty  at  any  given  point  as  influenced  by  temperature  of 

the  organism,  relative  humidity,  etc.  Of  course,  there  is  a  vast  dif¬ 

ference  and  no  necessary  connection  between  the  animal  as  a  aampler 
end  the  animal  as  s  host  responding  to  infection, 

Mr.  Wolfe  pointed  out  that  we  should  look  at  sampling  as  a  refer¬ 
ence  point  and  not  try  to  simulate  what  will  happen  if  an  animal  in¬ 

haled  a  givers  number  of  organism*;  this  can  be  determined  by  simultan¬ 
eous  experiments  with  animals.  Is  it  not  possible,  someone  asked,  to 
have  an  Infective  organism  that  does  not  form  colonies  in  laboratory 
situations?  The  question  waa  answered  affirmatively,  and  it  was  fur¬ 
ther  pointed  out  that  there  is  indeed  some  danger  in  confining  one's 
experiments  to  non-living  samplers.  If  behavior  of  the  organism  is 
well  understood,  good  correlation  between  the  mechanical  and  the  host 
sampler  ought  to  be  obtained.  However,  if  one  had  a  mechanical  sam¬ 
pler  simulating  the  physical  capability  of  the  lung  to  collect 
particles,  it  would  still  not  simulate  the  capability  of  the  lung  to 
collect  viable  particles,  or  the  capability  of  the  lung  to  eliminate 
pathogens . 
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Other  related  problems  were  whether  or  not  viruses  cert  be  col¬ 
lected  satisfactorily  in  sampler*  currently  in  use.  In  addition,  both 
in  the  laboratory  and  in  the  field,  the  concentration  of  viable  cells 
say  vary  fro®  sore  than  10^/liter  to  aa  tow  aa  1/liter.  Is  a  single 
sampler  adequate ? 

Professor  Kefchley  then  outlined  the  problem  as  developed  to  this 
point;  namely  that  we  need  three  types  of  samplers:  (a)  one  which 

simulates  Che  respiratory  system  closely  — *  for  specialized  work;  (b) 
one  for  field  work  when  organism  concentrations  are  usually  low  and 
long  sampling  times  are  undesirable  --  a  sampler  that  would  enable 
sampling  of  large  quantities  of  air  in  a  short  time;  and  (c)  a  highly 
flexible,  complicated  if  need  be,  sampler  for  laboratory  work  --  one 
that  would  enable  the  worker  to  control  parameters  like  aspiration 
rate,  temperature,  sampling  rate,  fluid  tju entity,  atul  any  other 
desirable  parameter.  Obviously,  all  of  these  problems  could  not 
be  settled  without  further  knowledge,  and  the  question  was  discussed 
whether  it  would  be  desirable  to  have  a  standard  reference  sampler. 
Several  samplers  were  suggested  as  possible  reference  samplers,  but  it 
was  evident  that  only  the  impinger  and  the  Andersen  (stacked  sieve)4 
sampler  might  be  applicable  for  this  purpose.  It  was  emphasised,  for 
example,  that  the  impinger  it  (a)  simple,  (b)  rugged,  (c)  inexpen¬ 
sive,  (d)  easily  obtained,  (e)  easy  to  learn  to  use,  and  (f)  the 
parameters  could  be  specified  in  considerable  detail.  During  this 
discussion  It  waa  agreed  that  the  Andersen,  sampler  should  also  be  a 
standard  reference  sampler  when  concentrations  of  organisms  were  toe 
low  for  the  impinger.  After  some  discussion  of  the  moat  desirable 
flow  rate  for  the  impinger,  Mr.  Goldberg  pointed  out  Chet  the  impinger 
known  as  the  AGX-30  waa  available  from  commercial  sources^,  a  point 
that  had  bothered  many  persona,  that  ita  flow  rate  waa  12-5  litera/mln 
which  was  a  compromise  between  suggested  rates,  and  that  this,  at 
least  for  the  present  moment,  was  the  most  suitsble  instrument.  Gen¬ 
eral  agreement  was  then  reached  that  the  AGI-30  should  be  the  standard 
reference  sampler,  providing  that  the  particular  techniques  and  mater¬ 
ials  used  should  be  clearly  spelled  out  by  each  investigator  when  hit 


*  Andersen  Sampler*  and  Consulting  Service,  1074  Ash  Ave.,  Provo,  Utah. 

|  Ace  Glass  Inc.,  P.0,  box  192,  Vineland,  New  Jersey,  and 

Chats*  Glass  Co.,  570  Rroadlawn  Terrace,  Vineland,  New  Jersey. 
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work  vu  reported^. 

Piieuisian  of  the  Andersen  saasp ! er  then  continued.  It  was  recom¬ 
mended  for  use  in  sampling  air  of  hospitals  and  there  was  an  indica¬ 
tion  that  it  was  w«l’  suited  to  the  method  of  transfer  to  a  tissue 
system,  h«(ice  might  be  suitable  for  collection  of  virus.  Again  it 
was  pointed  out  that  if  the  Andersen  sampler  was  to  be  a  reference 
sampler,  the  techniques  and  materials,  that  is  the  kind  of  media,  the 
levs'  to  which  the  plates  were  poured,  the  particular  flow  rata,  ate,, 
should  he  specified.  The  modified  Andersen  sampler  was  discussed,  but 
it  was  pointed  out  that  thi*  particular  Model  will  probably  net  be 
available  in  s  manufactured  fora  for  some  else. 

There  followed  a  vigorous  discussion  of  many  of  the  parameters  of 
the  Andersen  sampler.  Its  primary  usefulness  i*  that  it  is  a  high 
volume  sampler  and  it  does  perform  some  measure  of  particle  sizing . 
Considerable  interest  was  generated  in  the  relationship  of  particle 
sizes  found  in  the  natural  environment  to  those  which  might  enter  the 
alveoli,  especially  in  regard  to  a  suggestion-  that  an  additional  stage 
having  smaller  holes  might  be  added  to  the  Andersen  sampler,  hut  there 
was  a  question  as  to  whether  natural  forces  tend  to  create  particles, 
even  with  viruses,  smaller  than  ones  capable  of  oeing  collected  in 
usual  samplers  It  was  evident  chat  there  is  a  considerable  interest, 
coupled  with  a  lack  of  Information,  regarding  the  host-parasite  rela¬ 
tionship.  8»th  are  biological  systems,  and  both  are  changing,  and  the 
problem  of  sampling  is  closely  associated  with  the  problem  of  "infec- 
tivity"  and  ‘viability".  Having  admitted  chat  the  problem  is  serious, 
and  having  admitted  that  there  are  no  adequate  answers  at  the  pres  nt, 
the  audience  generally  agreed  that  the  Andersen  sampler  was  the  best 
field  sampler,  as  a  reference  standard,  that  we  currently  have  avail¬ 
able,  and  that  its  use  should  be  recommended^ ^ 
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